D7-G9-93 1Z:01 eT08 841 2824 CHEM., WASTE MGT, ooz

Northern egio Labor '

i

Waste Analysis Report

Chemical Waste Management - Riverdale

PP TSR

i Sample Id: 200066354
Date Sampled: 12-MAY-93
Date Logged: 18-MAY-93
Waste Profile Number; AF2818
Source: MRL .
Generator Name: HOOSIER SPLINE BROACH CORP
Generator Location: KOKOMG,IN
Waste Name: GRINDING SLUDGE

Site Number:







07/08/83  12:02 870§ 841 2824 CHEM, WASTE MGT. ) @oos
Sample id: 200666354 Waste Profils No: AFagig Lab Asystant No: 4418145
This Report is intsndad fer the use and benefit of Waste Managemant and its companise.
Mo repregentation eoneeming significance of the repored dete is mads s any other person
or sniiy,

FINGERPRINT Result Date
Qdor Incidental NONE 05/18/93
Layering SINGLE PHASE 05/19/93
Pet Free Liquids 0 05/19/93
L1: Color BLACK 08/19/93
L1: Physical State SOLID 05/19/93
L1: Gen Description GRANULAR 05/19/93
L1: H20 Solubility PARTIALLY SOLUBLE 05119/93
L1: Relative Density HEAVIER 05/18/83
L1: H20 Reactivity NONREACTIVE 05/19/93 -
L1: Temp Change O0DEGF 05/19/93
Cyanide Screen < § mg/l CYANTESMO PAPER 05/19/93
Sulfide Screen POSITIVE 05/19/03
Phenol Screen < 10 mgi 05119/93
pH 6.0 05/19/03
pH Meas. Method FAPER 05/19/63
pH Method 10% SOLUTION 05/19/93
Oxidizer Screen NEGATIVE 05/19/93
Flam. Potential NEGATIVE 05/19/83
Radiation Leval AT BACKGROUND 05/19/93
Faint Filter PASS 05/19/9%
Paint Filtar Method ACTUAL 05/19/93

— T COMMENTS:
No FINGERPRINT Commants

WET CHEMISTRY Result ' Date
Total Residue @ 105 ¢ 81.9 percent 05/28/93
Ash Content, On Ignition 77.8 gercem 08/28/93

eactive Cyanide < m
Sulfides, Ag S2- Dissoived < 10p PM 05/25/93
Load Bearing Capacity 0.08 TONS/FT2 06/01/33
N.AL P, PASS 05/20/93
Qit & Grease 0.4 percent 05/26/93
Tox (Eox) <200 ugly 05/24/93
COMMENTS: '
No WET CHEMISTRY Comiments

SPECTROSCOPY Result Reg Level (mg/) Date

Arsenic 18.9 ppm ' 05/25/93
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COMMENTS:

No SPECTROSCORY Comments

Page 3o0f§

07/08/93  12:03 T708 841 2824 CHEM. WASTE HGT. ) @oe4
Sample Id: 200066354 Waste Proflle No: AF2818 Lab Asystant No: 4416145

This Hepart is Intended for the use and banefit of Waste Management and jig companias,

Ne teprasantation concaming significance of the reported data is made {9 any other person

or &ntity.

SPECTROSCOPY Result Reg Level (ma/l) Dats
(continued):

Cadmium 9.70 ppm 05/20/93
Chromium 11900 ppm 05/20/93
Lead 14.8 ppm 05/28/98
Nickel 593 ppm 05/20/93
Selenium <0.88 ppm 06/03/93
Silver <0.36 ppm 05/20/83
Barium 17.6 ppm 05/20/93
Copper 397 ppm 05/20/93 -
Mercury «0.025 ppm 05/26/93
Znc <1.2 ppm 05/20/93
Arsenie - Tel <0.50 ppm g 06/26/93
Cadmium - Telp 0.02 ppm 1 05/26/93
Chromium - Telp 27.8 ppm 8 05/26/93
Lead - Tcip 0.24 ppm ] 05/26/93
Nickel - Telp 3.42 ppm 06/15/¢3
Sliver - Telp <0.02 ppm 5 05/26/93
Zinc - Telp <0.05 ppm 05/26/93
S.E.T. Sample Id 200066409 05/19/93
Final Ph - Tc!_P 4.8 pH 05/20/93
Init Sample Wt - Tclp 100 gm 05/20/03
Lig Phase Wt - Tg#p 0.00gm 05/20/93
Liq Phase Temp - Telp 0.00 centigrade 05/20/23
Solid Phase Wt - Teip 0.00 gm 05/20/93
Pct Solids Det - Telp 100 percent 05/20/63
Start Date/Time - Telp 5-15-93/4PM 05/20/93
Particls 8ize - Telp 8.5 05/20/93
Sampie Extract WA- Teip 100 gm 06/20/93
Volume Extract - Tcip 2000 mi 05/20/93
Lig Phase Recomb - Tclp 05/20/93
Stop Date/Time - Telp 5-20-93/10AM 05/20/93
Racipe Sampie id 200066409 - 05/26/98
Recips No ‘ 1 05/28/93
Panetromeier (24 Hours) 0.24 tonssfz 05/28/93
Ph (10 Pct Sin) 11.0 pH 05/28/93
Waste 100 gm 05/28/93
Water 23 gm 05/28/93
Cement 25 gm 05/28/93
Chromium - Set 0.04 mgn 05/28/93
init Sample Waight - Ar 2.065 gm 05/19/83
Final Volume - Ar 50.0 mi 05/19/93
{nit Hg Wt - As Recd 1.87 gm 05/26/93
Final Hg Vol - As Recd 100 mi 05/26/93
Extraction Temp - Tcip 4 centigrade 05720/93
init Sample Weight - As 1.995 gfm 05/18/93
Fina! Volume - As s50.om 05/19/93






G7/08,83 12:03 TT08 841 2824 CHEM. WAl.STB MG’I‘.W

Sample Id: 200066364 Waste Profils No: AF2818

@oos

This Report Is intended for the use and benafit of Waste Management and ifs companies.

No represantation conceming significants of the feparted data Is mads to any other person
oF entity,

Lab Asystant No: 4416145

SOLID PCBS - LIMIT Resuit POL Date
Total Arochlors is < 5 ppm 05!é1/93

COMMENTS:

Neo SOLID PCBS - LIMIT Camments

TC SEMI Result Reg Level (mg/h) PGL Date
O-Cresol BQL 200 100 mygy 0527/83
M-Cresol + P-Cresgo| BOL 200 100 mgn 05/27/93
1,4-Dichlerobenzene BOL 7.5 3.25 ma/ 05/27193
2,4-Dinitrotolueneg BQL . 13 L85 mg/l 05/27/93
Hexachlorobenzene BQL 13 088 myi 05/27/83
Hexachloro-1,3-Butadiene BQL B 25 mg/ 06/27/93
Hexachloroethane BQL : 3 1.5 myl 05/27/93
Nitrobenzene , BQL. 2 1 mgil 05/27/93
Pentachlorophans! BOL 100 50 mg/l 05/27/93
Pyridine : : BOL 5 25 myg/ 05/27/93
2.4,5-Trichlorophanol 8QL 400 200 mg/l 05/27/93
2,4,6-Trichloropheno! BQGL 2 1 mg/ 05/27/93

COMMENTS:

NITROBENZENE-DS BIASED LOW ON TWO SEPARATE
EXTRACTIONS,

TCVOA Resuli Reg Level (mg/t) PQL Date
Benzene BOL 5 25 magi 05/24/93
Carbon Tetrachloride BQL 5 25 mg/il 05/24/93
Chlorobenzene BQL 100 50 mg/ 05/24/33
Chloroform BQL 2] 3 mgrl 05/24/93
1,2-Dichloroethane BOL 5 25 mg/ 05/24/93
1,1-Dichlorgethyiene BQL 7 35 mg/ 05/24/93
Methyi Ethyl Ketone (Mek) BQL 200 100 mg/l 05/24/93
- Tetrachioroethylene BQL 7 85 mg/ 05/24/93
Trichlorosthylene BQL B 25 mg/ 05/24/93
Vinyl Chloride BOL 2 g mgl 05/24/93

‘COMMENTS:

SAMPLE WAS SUBSAMPLED FOR ALL VOLATILE
ORGANIC ANALYSIS.
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07/08/93 12:63 TT08 841 2824 CHEM. WASTE MGT. (& 008

Sample ld: 2000686354 Waste Profile No: AF2818 Lab Asysiant No: 4416145

This Report is intended for the use and bensfit of Waste Management and its companies,

Na repreasntation canceming significance of the reporied dais is mate to any othér person
or gnity,

CERTIFICATION: Except as explicitly noted, all analytical data reportsd sbove were obtained under my
direction and suparvision, For Chemical Wastg Maragement, Inc. eempanies, sample preparation and
&nalytical methods and analytical aquipment specified or approved in the facility's waste analysis plan
were Used in conducling this analysis. This labaratory follows 2 qualiy assurance coniro| pregram.

Report Dats  Jun 18, 1993

Lab Manager

TC Matrix Correoted Resuits Attached

PageSof 5






07/08/93

12:04 TT08 841 2824

MIDWEST REGION LAB
SPECTROSCOP

SampleID; 200066354
LCorrection Values from 8
Matrix: solig

TC MATRIX CORRE

TEST Correction

66307 USED TO GCORRECT CR

Signature: O

CHEYM, WASTE MGT.

ORATQORY
Y

anple ID: 1.)200066340
2.}200066307

CTED RESULTS

Factors RESULT (PPM)

Date: 6/16/43

The above regults are ma
results as specified in
The uncorrected results

trix spike recovery corrected
the June 29, 1%90 TCO Firnal rule.
are provided on a geparate report.






Q7/08/83

12:04 708 841 2824 CHEM. WASTE MGT.

@ aos

MIDWEST REGION LABORATORY
SPECTROSCOPY

SampleID: 2000686364

Correction Values from Sample ID: 1,)200066340
Matrix: solid 2.)200066307

TC MATRIX CORRECTED RESULTS

TEST Correction Factors RESULT (PPM)
Silver 90.25 <0.02
Cadmium 88.80 .02
Lead 897.85 0.25
Zinc : 93.83 <0.05
Arsenie 98.98 <0.51

66307 USED TO CORRECT CR

Signatureédﬁﬁu

Date: G/ﬁy43

The above results are matrix spike recovery corrected
results as specified in the June 29, 1880 TC Final rule.
The uncorrected results are provided on a separate report.






07/08/983  12:05 708 841 2824 CHEM. WASTE MGT. @oos
NORTHERN REGION ANALYTICAL LABORATORY
SEMIVOLATILE ORGANICS
Technical Center Sample ID number: 200066354
Correction values from Sample ID: 200066280
Matrix: . OTHER SOLID
TCLE MATRIX CORRECTED RESULTS
REGULATORY CORRECTED CORRECTED
LIMITS MATRIX SPIKE PQL RESULT
TEST {mg/1) % RECOVERY (mg/1) {mey/1)
1,4~Dichlorobenzene 7.5 66,57 3.25 < POL
2,4~Dinitrotoluene 0.1 - 68,93 0.065 < PQL
2-Methylphenol 200 54.68 100 < PQL
3 & 4-~Methylphenol 200 63.90 igo < PQL
Hexachlorobenzene 0.13 96.04 0.068 < PQL
Hexachloro=1,3-Butadiene 0.5 69.72 0.25 < PQL
Hexachloroethane 3 BEB.34 1.50 < PQL
Nitrobenzene - 2 40,95 1.00 < PQL
Pentachlorophenol 100 48,53 50.0 < PQL
Pyridine ‘ 5 64.42 2.50 < PQL
2,4,5-Trichlorophenc} 400 67.80 200 < POL
2.4,6=Trichlorophenocl 2 66.20 1.00 < PQL
Signature: _C.» Reviewed: J%

\
Date: 527 ~P> Date: _5;3( 7






G7/09/83 .12:08 3708 841 2824 CHEM. WASTE MGT. @oio

NORTHERN REGION LABORATORY
=RIVERDALE-
VOLATILE ORGANICS
Technical Center Sample ID Number: 200066354
Correction Values from Sample ID Number: 200066354
Matrix: OTHER SOLID
ZHE/TCLF VOLATILE ANALVSIS MATRIX CORRECTED RESULTSE FOR "DV CGODE COMPOUNDS

REGULATORY  MATRIX CORRECTED CORRECTED

LIMITS SPTIKE PQL RESULT
TEST {mg/L) % RECOVERY {(mg/L) (mg/L)
Benzene 0.5 96.00 0.250 < PQL
Methylethyl Ketone 200 128.00 100 < PQL
Carbon Tetrachloride 0.5 109.00 0.250 < PQL
Chlorobenzenea : " 104 112.00 50.0 < PQL
Chloroform 6 103.00 3.00 < PQL
i,2=-Dichlorcethane 0.5 110.00 0.250 < PQL
1,1-Dichlorocethane 0.7 110.00 0.350 < PQL
Tetrachloroethylene 0.7 112.00 0.350 < PQL
Trichloroethylene 0.5 £3.00 0.250 < PQL
Vinyl Chloride 0.2 115.00 0.100 < PQL
Signature: e Reviewed:
Date: g;/&‘i;ﬁia : Date: &%—%5

The above results are matrix spike recovery corrected
results as specified in the June 2%, 1990 TC Final rule.






Hoosier Spline & Broach, Inc.

B0 Box 538

okomo, IN 46903-0538

“hatM: Mr., Gilbert =
’ biologleai & envilonmental control Iaboratories, ine.
to&o?ﬁm “wan%?é‘ﬁ .ohlop&OBT
(449} 493-5307 (216) 425-8200
sample
description: Hoosler Spline & Broach sludge sampling - grab - waste sluedge - 7/20/92
€ 11 a.m. (additionasl test to Lab Ko. 92T10189)
~analysis: TCLP Semivolatile Organic/Inorganic Extraction
procedure: Federal Register, Volume 55, No. 126, Friday, June 29, 1990
A composite sample of 100 grams was extracted in 2000 nl BExtraction
Fluid I for 18 hours and filteregd through a glass fiber filter as
outlined in TCLP wethodology as stated in Federal Register Vol. 55, No.
126, Friday, June 29, 1990. The extract was then digested and analyzed
as outlined in US EPA "Test Methods for Evaluating Solid Wastes
Physical/Chemical Methods, SW-846, Third Edition, November, 1986¢.
cc: Waste Management of Central Indiana ‘.
s Yanng NECEIVE
P.0. Box 446

Kokomo, IN 46503-0446

ATTN: Bo Lawrence

SEP - 91992

|

il
ﬁ

mtual protection.







) Yor Spline & Broach, Inc.
. Box 538

Kokomo, IK 46903-0538

ATTH: Mr. Gilbert W
biclogical & environmentai conirol laboratores, Inc.

645 front street 4632 enterprise parkway
folado, chio 43605 twinsburg, ohio 44087
(qu 693-5307 (216 4258200

sample
description: Hoosier Spline & Broach sludge sampling - grab - waste sludge - 7/20/92
@ 11 a.m. (additional test to Lab No. 92T10189)

analysis: Chromium in the TCLP Extract by Method of Standard Additions as
outlined in US EPA "Test Methods for Evaluating Solid Wastes
i Physical/Chemical Methods”, SW-846, Third Edition, November, 1986.

results: Analyte Limit Measured Concentration

| Chromium 5.0 mg/L 0.15 mg/L

Per client’s request, analysis was not performed with matrix spikes for
bias corrections.

‘ee:  Waste Management of Central Indiana
740 H. Ohio
P.0. Box 446
Kokomo, IN 46903-0446

ATTE: Bo Lawrence

SHERREREResmdantial communications. Authariztion for duptication in whole or part Is reserved pandifg our wiitten o8 a mutugl protection.
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Hoosier Spline & Broach, Inc.
P.0. Box 538
Kokomo, IN 46903-0538

bioiogical & environmantai conitol iaboraiofies, inc.

645 front sireet » 1432 entemprise parkway
teledo, ohio 43505 twinsburg, ohic 44087
(419) 6935307 {216) 425-8200

sample
description: Hoosier Spline & Broach - sludge - grab - 7/7/92 8 10:00

analysis: Semi-Volatile Organics in the TCLP Extract
procedure: SW-846, Method 8270
results:
Detected Matrix Spike Bias Corrected

Compound Limit Value % _Recovery Regult
o=-Cresel 200 mg/L < 0.0400 mg/L B83.9 < 0.0477 mg/L
m & p-Cresol 200 mg/L < 0.0400 mg/I €8.0 < 0,0588 mg/L
2-4,binitrotoluene 0.13 mg/L < 0.0400 mg/L 52.1 < 0,0768 my/L
Yexachlorobenzene 0.13 mg/L < 0.0400 mg/L 72.1 < 0.0555 mg/L
Hexachloro-1,3~butadiene 0.5 mg/L < 0.0400 mg/L 52.5 < 0.0762 mg/t
Hexachloroethane 3.0 mg/L < 0.0400 mg/L 46.2 < 0.0866 mg/L
Nitrobenzene 2.0 mg/L < 00,0400 mg/L 52.6 < 00,0760 mg/L
Pentachlorophenol 100.0 mg/L < 0.0800 mg/L 84.3 < 0.0949 mg/L
Pyridine ‘ 5.0 mg/L < 0.0400 mg/L 76.6 < 0.0522 mg/L
2,4,5-Trichlorophenol 400.0 mg/L < 0.0400 mg/L 84.¢6 < 0.0473 mg/L
2,4,6-Trichlorophenol 2.0 mg/L < 0,0400 mg/L 65.4 < 0.0612 mg/L
SURROGATE RECOVERY: Compound % _Recovery Acceptable Range

2=-Fluorophenol 80.2 21-100

Phenol-ds 78.2 10-94

Nitrobenzene-ds 61.2 35-114

2-Fluorobiphenyl 64.6 43-116

2,4,6-Tribromophenol 74.8 10-123

p-Terphenyl-dl4 52.1 33-141

XN U TRt

Al reports are submitted as confldential communications. Authorization for duptication In whaole of nart is rasanved r_)enr:!lm{m w{/riﬁan Annrewel A o w‘-m mratamHme
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HAoosier Spline & Broach, Inc.
B.0. Box 538
Kokomo, IN 46903-0538

biciogical & environmental control laboratories, inc.

645 front street 1832 erdemise parkway
foledo, ohio 43605 fwinsburg, ohio 44087
(24193 6935307 (215?425-8200

sample
description: Hoogier Spline & Broach - sludge - grab - 7/7/92 & 10:00

analysis: TCLP-ZHE Bxtraction
procedure: Federal Register, Volume 5%, No. 126, Friday, June 29, 1990

A composite sample of 20.0 grams was extracted in 400 ml Extraction
Fluid I for 18 hours in a zero headspace extractor and filtered through
a glass fiber filter as outlined in TCLP methodology as stated in
Federal Reglster Vol. 5%, No. 126, Friday, June 29, 1990. The filtered
extract was collected in a Tedlar bag and then analyzed by Method 8240
as outlined in US EPA "Test Methods for Evaluating Solid Wastes
Physical/Chemical Methods", 5W-846, Third Bdition, November, 1986.

cc: Waste Management of Central Indiana
740 N. Ohio
P.0. Box 446
Kokomo, IN 469030446

ATTH: Bo Lawrence

Alf reports are submitted as confidential communleations. Authorization for duplication In whote or part (s reserved pending our W
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;gbgsier Sgline & Broach, Inc.
Kokomo, IN 46903-0538

blological & ervironmental control laboratones, inc.

t
Wiy AN T
(419) 6935307 (246Y 425-8200
sample
description: Hoosier Spline & Broach - sludge - grab - 7/7/92 @ 10:00
analysis: Volatile Organics in the TCLP-ZHE Extract
procedure: SW-846, Method 8240
results:
Matrix Spike Bias Corrected
Compound Limit Result % _Recovery Result
Benzene 0.5 mg/L < 0.025 mg/L 93.2 < 0.025 mg/L
Carbon Tetrachloride 0.5 mg/L < 0.025% mg/L 88.3 < 0.028 mg/L
Chlorobenzene 100 mg/L < 0.025 mg/L 86.8 < 0.029 mg/L
Chloroform 6.0 mg/L < (.025 mg/L S85.8 < 0.926 mg/L
1,4-Dichlorobenzene 7.5 mg/L < 0.028 mg/L 66.1 < (.038 mg/L
1,2-Dichloroethane 0.5 mg/L < 0.025 mg/L 86.0 < 0.029 mg/L
1,1-Dichlorcethylene 0.7 mg/L < 0.025 mg/L 108 < 0.025 mg/L
Methyl Ethyl Ketone 200.0 mg/L < 0.050 mg/L 94.6 < 0.053 mg/L
Tetrachloroethylene 0.7 mg/L < 0.025 mg/L 67.7 < 0.037 mg/L
Trichloroethylene 0.5 mg/L < 0.025 mg/L 80.4 < 0.031 mg/L
Vinyl Chloride 0.2 mg/L < 0.025 mg/L 113 < 0.025 mg/L
Surrogate Recovery: Dd-1,2-Dichloroethane 105%
dg-Toluens 101%
4-Bromofluorobenzene 107%
cc: Waste Management of Central Indiana
740 N. Ohio
P.0. Box 446
Kokomo, IN 46%903-0446
ATTN: Bo Lawrence

All reports are submitted as confidential communications. Authorization for dupiication in whole or part is reserved pend|
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-Hbosier Spline & Broach, Inac,
P.0O. Box 5238
Kokomo, IN 46903-0538

biclogicai & environmental control laboratories, inc.

645 front streef 1632 enterprise parkway
toledo, chio 43605 twinsburg, ohio 44087
(419) 693-5307 (214) 4258200

sample
description: Hoosier Spline & Broach - sludge - grab - 7/7/92 @ 10:00

analysis: TCLP Semivelatile Organic/Inorganic Extraction
procedure: Federal Register, Volume 55, MNo. 126, Friday, June 29, 19%0

A composite sample of 100 grams was extracted in 2000 ml Extraction
Fluid I for 18 hours and filtered through a glass fiber filter as
outlined in TCLP methodology as stated in Federal Register Vol. 55, No.
126, Friday, June 29, 1990. The extract was then digested and analyzed
as outlined in US EPA "Test Methods for Evaluating Solid Wastes
Physical/Chemical Methods, SW-846, Third Edition, November, 1986.

cc: Waste Management of Central Indiana
740 N. Ohio
P.O. Box 446
Kokomo, IN 46903-0446

ATTN: Bo Lawrence

All reports are submitted as confidential communications. Autharization for duplication in whola or part Is reserved pending fuf







bioiogical & environmental confrol lcbordroﬂes inc.

5458 troni sireol 1632 enterprise parkway
foledo, ohio 43505 fwinsbu rwohlc» 44087
(419) 493.5307 (246 r3;425—:3200

sample
description: Hoosier Spline & Broach - sludge - grab - 7/7/92 & 10:00

results: Anaiyte Method Result
Flash Point SW-846, 1020 greater than 200°F
Paint Filter Test SW-846, 9095 failed test
PCBs _ SW-845, 8080 less than 0.05 mg/Kg
Reactive Cvanide SH-846, 7.3.3.2 less than 0.1 mg/Kg
Reactive Sulfide SW-846, 7.3.4.1 less than 4 mg/Kg
Total Phencls SW—846; 9065 3.6 mg/Kg
% Solids 55.2%
PCB Surrogate Recovery: DCB 88.3%

cc: Waste Management of Central Indiana
740 M. Ohie

| P.0. Box 446

‘ Kokomo, IN 46903-0446

|

ATTH: Bo Lawrence

All reports are submitted as confidential communications. Authorization for duplication in whols of part is reserved pendind ot writen approval, bs & mutuar protaction






Foogier Spline & Broach, Inc.
P.O. Box 538
Kokomo, IN £6303-0838

biological & environmental control laboraiodes, inc.

615 froni shieat 4932 enterprise parkway
foledo, ohlo 43605 twinsburg, ohlo 44087
(4195 693-5307 (2165 425-8200 .

sample

description:

analysis:

results:
Analyte
Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium

Silver

Hoosier Spline & Broach - sludge - grab - 7/7/92 @ 10:00

Metals in the TCLP Extract by Method of Standard Additions as outlined
in US EPA "Test Methods for Evaluating Solid Wastes Physical/Chemical

Methods", SW-846, Third Bdition, November, 1986,

Measured Matrix Spilke Bias Corrected

Limit Concentration % Recovery Result

5.0 mg/L < 0.1 mg/L S0.4& < 0.11 mg/L
100.0 mg/L 0.86 mg/L 104 0.86 mg/L

1.0 mg/L < 0.05 nmg/L 97.2 < 0.051 mé/L
5.0 mg/L * 7.7 ng/L 96.0 8.0 mg/L

5.0 mg/L 0.099 ng/L 96.0 0.10 mg/L

0.2 mg/L < 0.002 mg/L 107 < ¢.002 mg/L
1.0 mg/L < 0.1 mg/L . 101 < 0.1 mg/L
5.0 mg/L < 0.05 mg/L 92.0 < 0.054 mg/L

* Bxceeds allowable maximum.

ce: Waste Management of Central Indiana
740 N. Ohio
P.O. Box 446
Kokomo, IN 465903-0446

ATTN:

Alireports are submitted as confidential communications, Authorization for duplication In whole or part is reserved panding ou

Bo Lawrence

b

en approval. as g mftual protection
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A, SHERRY LABORATORIES INC. ' . [0® |

5Ii°
4

3
MEI%&&ﬂNﬁCKB&ﬂ%ﬁQRON ENTAL
TESTING SERVICES

Page | --SHERRY LABS-- REPORT Work Order § 92-87-379
Received: 87/36/92 88,/03/92 13:11:44
REPORT HOOQIER CPLINE BROACH CORE,  PREPARED Sherry Lgboratoriss
T0 P.0. BOX 538 BY 2283 3. Madison
149} TOURY PIER B0, Box 2847 O T R
ROROMG, TN 48341 Hupeie. Tndiaps 47347-05347 DERTIRIED BY
ATTEN JEFEREY L. LARISOH ATTEN Environmental [aboratory
PHONE (3171 747-9088 CONTACT MONIQUE
CLIENT HOQSTRR SPLM SAMPLES 2
COMPANY HOOSTER SPLIWE BRCACE CORP. Alan D, Kine 4§ C-13-82
FACILITY ; ] ' ' vi t E-
QE¥ 8933

BCRE ID GRINDING SLUBGRD I8LF §
TAIEN 7-24-92
TRARS UPS
TIPE SLUDGE
P.0. ¥ 1932

INVOICE ynder separate cover

SAMPLE IDENTIFICATION TEST CODES and NAMES used on this workerder
0. BLANCEARD GRINDING SLUDGE  CRICLP Chromivm in TCLP extract
82 0.D. GRINDER SLUDGE EICLD Selenium in TCLD extract
ELL. MW‘

™

S0t
LJ”{d







SHERRY LABODRRTORIES iNC.

| -
=1
4

LAE I.D. F2aT7370-214 DATE EEPORTEL: @8/83/82

SAMPLE DESCRIPTION  RBLANCHARD GRINDING SLUDGE
DATE COLLECTED: 97/24/92

Wen H. Pan Ph.I
Guality Assurance Officer

DATE ANALYTTICAL DETECTICN RCRA RESULT

ANALYSISR ANALYST  ANALYZED METHOD LIMIT (ppm) LIMIT (me/l)
Chremium in TCLP extract FJR $8/603/92 SW346~-0610 1.9 ppm 5.¢ ppm 48.1
Selenium in TCLP extract ¥JR 98,/03/92 SWB46-6@19 9.2 ppm 1.9 ppm 9.2

e

50 ///M/«. I

%
o







SHERARY LASORATORIES IMNC. ' ‘ | 01597

| . ,
% METALLEI?E;ICE&? ENVIRONMENTAL

ESTING SERVICES-- -/

LAB 1.0, 9207370-024 DATE REPORTED: 98/03/92
SAMPLE DESCRIPTION  Q.D. GRINDER SLUDGE %’
DATE COLLECTED: ©7/24/97 _ 7 /
e . i
- Wen H. Parf Ph.D.

Quality Assurance (Officer

‘DATE ANALYTICAL DETECTICON RCRA RESULT
ANALYSIS ANALYST  ANALYZED METHOD LIMIT (opm) LIMIT (mg/1)
Chromium in TCLP extract FIR 98,/03,/92 SWB46-6010 .1 ppm 5.9 ppm 3.2

Selenium in TCLP extract FJR @8/03/92 SWE46-6010 2.2 ppm 1.9 ppm <@.2







SHERRY LABORATORIES INC.

2203 5. MADISON 1. {47302)
P.O. BOX 2847 MUNCIE, INDIANA 47307-0847

s l d TELEPHONE 317-747-9088 / 800-874-3663 FAX 317-747-0228 ORDER NO.
—_— — ~07-37
___CHAIN OF CUSTODY RECORD 72-07-27p
CLIENT: N PROJ. NAME: | MATRIX _  ANALYSIS PARAMETERS
Hoo s Ve F ‘ne gfbac_l{ Co '-”/0 l . 51 UDGE -
a . =
P SAMPLERS: tsignature) | ormHer e o
wateR [/ ‘EL} A
COLLECTED 95; 3 Ng S} ESCRIPIIONg'/ SOIL v U\/ / / §
pe LD 18| e MPLE-DESC -] oiL ~ . Faxy
TE "0 1O Tainers - I _
K/ ; { 7 '
Jae
/ é%ﬁ P | éiwa//v; {/‘-' D5e FRorn ﬁL/!wc/&eo ‘ I S|V S
7 . : 7z / .
330 .
M/"'?' P , é/&l’&/éi Slewoge from. O.(). Gt sef/ \/
AN
(UPSY/EX/Hand
Sheriy/Mail /Bus
et P.O. #
//_ T \
i ived i Date/lime All samples submiited to Sherny Labs. for andysls are
Re"y b lgnature) 7 pete/line celved by tignature) occepled on a cuslodial bosis only. Ownership of the
/ 2 A LIJ 3o materiol remoins with the client submitling the somples.
ﬁelfnquls‘ﬁ‘“a‘e by (slgnafure) Date/Time ReceIVed by Laborato Date/Time Sheny Lobs. wil retumn alf polentiolly hozordous moterals
: 7 / f to the cllent within toutteen {14} days olier * = complefion .
- E //"'é“—f /3‘9 ?Z o2 410! the onalylicol reques!s.







QUALITY

ASSURANCE

REPORT

Service Location

HERITAGE LABORATORIES, INC.

7901 W. MORRIS ST.
INDIANAPOLIS, IN 46231
(317)243-8305

Received

30-JUL-93

Lab 1D
AZ284710

Complete -
06-AUG-93

PO Number
VERBAL

Printed

Sampled

10-AUG-93

Sample Description

DESCRIPTION: GRINDING SLUDGE/BLANCHARD GRINDER HAS BEEN DRIED-
DESCRIPTION: ORIGINALLY WET FROM COOLANT USED IN MACHINE.

QC Type|ldentifier|Scurce Parameter True/Sampl | $pike Val | Observed % Rec RFD
ouPOY Q754146 (A2B4779  |SOLIDS 1100 . |Percent o 1s
(08071 78474 & e 10085725 percent b0 ]

% Rec RPD

Qac Typel Identifier|Source Parameter
W‘CHROHlUN

True/Sampl | Spike val | Observed
5. , O - S 1. , N
L [

Q756963 CHROMIUM

2| a7s3ags [Asiaia  {CHROMIN: o o
a756931
6935

0753889
| a7s3890

CHROMIUM ) o
CHROMIUM e
| S oHRekow o e T

Q756944 CHROMIUM

Notes

< tess Than Lower Detection Limit

U

/)

Quality Assurance Officer: Last Page 1







CERTIFICATE OF ANALYSIS

Service Location Received Project Lab ID
HERITAGE LABORATORIES, INC. 30-JUL-93 AZBATI10
7901 W. MORRIS ST. Complete PO Humber
INDIANAPOLIS, IN 46231 06-AUG-93 VERBAL
(317)243-8305 Printed Sampled

09-AUG-93
Report To Bill To
MARCIE HOROWITZ - ACCOUNTS PAYABLE

BARNES & THORNBURG BARNES & THORNBURG

11 SOUTH MERIDIAN STREET 11 SOUTH MERIDIAN STREET
1313 MERCHANTS BANK BUILDING 1313 MERCHANTS BANK BLDG
INDIANAPOLIS, IN 46204 INDIANAPOLIS, IN 46204

Sample Description

DESCRIPTION: GRINDING SLUDGE/BLANCHARD GRINDER HAS BEEN DRIED-
DESCRIPTION: ORIGINALLY WET FROM COOLANT USED IN MACHINE.

Parameter Result Det. Limit Units

SOLIDS 99 0.001 | Percent

Parameter Result Det. Limit

JOTAL SAMPLE WEIGHT 100

FINAL PR
“YOLUME::BUF FERED: SOEUTION:

'TOTAL VOLUME #iLTRATE |
- AMBIENT: TEMPERATURE:

‘PHASE: ‘1 DENSITY

Page 1 (continued on next page)






HERITAGE LABORATORIES INC. Lab Sample ID: A284710

Det. Limit

Parameter Result

Det. Limit

fSAMPLE -
SSAMPLEHAD g8,
DILUTION 1

Sample Comments

NA Not Applicable

This Certificate shall not be reproduced, except in full,
without the written approval of the lab.

Additional copies of this report sent to:
JACK CORPUZ, HERITAGE LABORATORIES, INC.
7901 W. MORRIS STREET, INDIANAPOLIS, IN 46231-3301

Quality Assurance Officer: 7 Page 2 (last page)
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LATROBE STEEL COMPANY

SUBSIDIARY OF THE TIMKEN COMPANY
2626 LIGONIER STREET o POST OFFICE BOX 31
LATROBE, PENNSYLVANIA 15650-0031 USA = 412-537-7711

November 15, 1993
Mr. Jeff Larison
Hoosier Spline Broach Corporation
P.O. Box 538 _
Kokomo, Indiana 46903-0536

Dear Jeff,

The table below presents the typical chemistries of all products Latrehe 7 has sold to Hoosier
Spline Broach. As one of your high speed steel suppliers, it is v understanding this list is.
complete as presented. If your records indicate any other purchases please feel free to contact
me and I will provide you with the appropriate chemistry range(s). If I can be of any further
assistance please feel free to contact me.

(% by weight) (min/max) =
AlSI |
Grade c ' Cr W Mo v -
M2 .78/.88 3.75/4.50 5.50/6.75 4.50/5.50 1.75/220  .20/.80

M3-1 1.00/1.10  3.75/4.50 5.00/6.75 4.75/6.50 2.25/2.75 15/.45
M4 1.25/1.40 3.75/4.75 5.25/6.50 4.25/5.50 . 3.75/4.50 .20/.40
M42 1.05/1.15  3.50/4.25 1.15/1.85 9.00/10.00 95/1.35  7.75/8.75
T15 1.50/1.60 3.7515.00 11,75/13.00 1.00 max 4.50/5.25 4.75/5.25

Cordially,

(les=

R " “Carl E. Stroud

CES/del






[

NOV B8 ‘93 18:32 HOOSIER BROACH e,

bRIGES STEEL COMPANY

13481 W. ELEVEN MILE ROAD OAK Pamx, MicHIBAN 48237 . {318) B41.8226

Hovembder 1, 1993

Ar. Jeff Larison

Hoosier Spline Broach Cerp.
P.D. Box 538

Kokome, Indimna 46903-3538

Dear Jeif,
I want to confirm to vou that Grlggs has @old your cempany High Speed

Tool Steel, and only High Spead Tool Steel, for over tventy years,
Our only product is High Speed Tool Steel.

Below are the ahamiatriss of all the High Speed Tool Stesle that you
eould have bought from us.
ELEHENT (%)

GRADE CARBON CHRONE TUNGSTEN ROLY VANADIUN COBALT
H-2 +88/.88 3. 60/4. 35 S;BGKS.SG 4.85/5.35 1.68/2. 1@ @
N=-3 1.08/1.22¢ 3.65/4.35 8.90/6.680 5.85/6,35 & 3D/2. 90 @
-4 1.20/1. 49 4.18/4.85 5,128/5,85 4.15/4.85 3.53/4,35 @

H-42 +95/1.15 3.40/4.10 1.20/1.B0 B.20/10,10 . P@/1.68 7.65/8.35
T=18 1.98/1.7¢ 3.80/4.30 11.%/13.0 -59@0/1.20 4.78/5.38 4.80/%.38
if ve can help in any way let us know.

Best regards,

GRIGGS STEEL ComPal

P;:Zmant R \3} NOV - 8 1983 l"ll |
Vi \'
. - l 1




AERITAGE REMEDIATION/ENGINEERING, INC.

PO. Box 51020
indianapolis, N 46251
Phone: 317/243-7475
FAX: 317/243-2046

VIA REGULAR MAIL

December 21, 1993

Marcie R. Horowitz

Bamnes & Thornburg

1313 Merchants Bank Building

11 South Meridian Street
Indianapolis, Indiana 46204-3556

Re:  Heritage Laboratories, Inc. Performance Studies

Dear Ms. Horowitz:

As we discussed during the seminar at lunch on December 17, 1993, 1 am enclosing the
results of the recent blind sample performance testing for Heritage Laboratories, Inc.
("HLI"). The results indicate that HLI was the top rated laboratory participating in the
study.

The study submitted blind performance samples to approximately 150 laboratories (including
nationally recognized laboratories) across the United States. HLI also participates in a
similar program administered by the United States Environmental Protection Agency. HLI
is consistently ranked high in this quarterly performance study. Additional, detailed

information concerning operation or performance of the laboratory can be provided upon
request.

Please feel free to contact me at (317) 243-7475 if you have any questions, cominents, or
require further assistance.

Sincerely,

ITAGE REMEDIATION/ENGINEERING, INC.

Craig G. Hogarth, CPG
Senior Project Manager

CGH/Mbjm
Enclosure

28001/CH934996.14 ; 100% Recycled Paper

)
o




INDIANA DEPARTMENT OF ENVIRONMENTAL MANAGEMENT

We make Indiana a cleaner, healthier place to live

S fs 135 Suuth Meridian Streel
gf\ifnljfyh P.0.Box 6015
Indianapolis, Indiana 46206-6015
Kathy Prosser 00 Telephone 317-232-8603
Commissioner JPQN l 5 R _

Environmenial Helpline 1-800-451-6027

January 8, 1892
Mr. Gilbert Larison

Hoosier Spline Broach Corporation
1401 Touby Pike, P.O. Box 538
Kokomo, IN 46903-0538 ,
Re: Disposal of grinding sludge from
Hoosier Spiine Broach Corp., Kokomo, IN

"« Dear Mr. Larison:

This letter acknowledges the request for disposal, dated November 7, 1991,

from Hoosier Spline Broach Corporation. Permission was requested {c dispose of
grinding sludge.

Approval is hereby denied for disposal of grinding sludge as Special Waste.
This denial is based on the analysis of chromium submitted with the application,
which shows the sludge to be a D007 characteristic hazardous waste according
to 323 IAC 3-5-5. The upper confidence level (alpha = .20) for the chromium is in
excess of the hazardous waste level. A copy of the worksheet has been enclosed.

If you have any further questions, please contact Mr. Jim Hunt of the
Compliance Monitoring Section at AC 317/232-4454.

Sincerely,

George E. OQliver, Chief
Special Projects Section
Solid Waste Management Branch

Solid and Hazardous Waste Management
TLB

Enclosure

cc: Mr. James H. Hunt, OSHWM
ATTACHMENT A

An Eque!l Qpportunity Employer
Printed un Recycled Paper






RCRA Statistical Analysis of Samples

Chromium
Sample Sample Statistic
Number Result
1 5.80
2 10.00 Mean (X)= 5.33
3 2.70
4 2.80 Variance (S2)= 11.78
5 0.00
6 0.00 Std Dev (s)= 3.43
7 0.00
8 0.00 Std Error(Sx} 1.72
g 0.00
10 0.00 High Conf Int= 8.14
Sum()= 21.30 Low Conf Int= 2.51

Number of Samples (n

)=
Degrees of Freedom{n-i}=  3.00
Sum of Squares (82)= 148.77
Sum of Squares/n=__37.19
Probability of error(t.20)=

Documentation: To use this program,
enter the sample results, leaving 0
where there ‘are no samples. Also
enter the number of samples and
probability or error. The rest will be
calcuiated. R. Weiss






R-18-61 75U 11235 3YERS ROF FAK NO. 2187228555 P, 02

NET Midwest, Ing.

NATIONAL 7 s
ENVIRONMENTAL Indiznapolils, IN 46230
'® TESTENG’ INC. _ ;:L:: ((331177}1 884422:44226816

AMALYTICAL REPORT

HMr. Richard Zenkea 04~11-351
BYERS RECYCLING & DISPOSAL
R R #3 Bcx IFEB ' Sanple No.: 38781

Logansport, In 48347
* P.O. NO.: 547578

Page 1
Sanple Description: WMA 0385822
Catse Taken: (4-01=-%1 1375 Date Racelved: (4=02=351
Paramebers Results Units
TCLP = Chromium 10. mg/L

These results have besn adjusted to reflect spike recoveries.

7{;Ajy» vé%Lﬂéﬁuﬂu

Xaren Groleau
Project Manager






NATIONAL
ENVIRONMENTAL
o TESTING, INC.

NET Midwest, Inc.
Indianapolis Division
6964 Hillsdale Court
Indianapolis, IN 46250

Tel: (317) B42-4261
Fax: (317) 842-42B6

Pa

£ Russell

ANALYTICAL REPORT

BYERS RECYCLING & DISPOSAL
R R #3 Box 365B
Logansport, In 46247

Sample Description:

Date Taken:

10=17-90

Parameters

Solids, Total

Water (Paint Filter)
Ignitability
Reactive Sulfide
Reactive Cyanide

WMAO35621 HOOSIER SPLINE BROACH

TCLP - Arsenic

TCLP - Barium

TCLP - Cadmium

TCLP - Chromium
TCLP - Copper

TCLP - Lead

TCLP - Mercury

TCLP = Nickel

TCLP = Selenium
TCLP - Silver

TCLP - Zinc -
TCLP - VOLATILES
Benzene ' '
Carbon tetrachloride
Chlorobenzene
Chloroform

i,2-Dichlorocethane
1,1-Dichloroethene

_Tetrachloroethene

Trichloroethene
Vinyl chloride
Methyl ethyl ketone

12-06-50
Sample No.:

P.O. NO.:

"Page 1

Date Received:

Results

93.

No Free Liquid
Will Not Ignite.
<1i.

<0.05

<0.4
0.5
<0.02
5.8
0.03
<Q.1
<Q.002
3.2
<l.
<0.05
0.28°

<10.
-<10.

<16.

<10. .
<10.

<10.

<10.

<10. .

<100. - -

<100.

30267

547558

10-24=90

Units

%
Degree C

ug/g
ug/g

mg/L
ng/L
mg/L
ng/L
ng/L
ng/L
mg/L
mng/L
mg/L
mg/L
mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/ L
ug/L
ug/ 1.

These results have not been corrected for spike recoveries.

O

Karen Groleau
Prcject Manager






NET Midwest, Inc.
NATEONAL lndiana!pvdvl?ssDiCigton

ENVIRONMENTAL A My
o TESTENG, |NC Tel: (317) 842-4261

Fax: (317) B42-4286

ANALYTICAL REPORT

Pat Russell 12-06=9C
BYERS RECYCLING & DISPOSAL
R R #3 Box 365B Sample No.: 30267

Logansport, In 46947
P.O. NO.: 547558

Page 2
Sample Description: WMAO35621 HOOSIER SPLINE BROACH

Date Taken: 10=17-90 Date Received: 10-24-90
Parameters Results Units

TCLP -~ SVOA

1,4-Dichlorobenzene <66. ug/L
2,4-Dinitrotoluene <66. ug/L
Hexachlorobenzene <66. uwg/L
Hexachlorocbutadiene <66. ug/L
Hexachloroethane <66, : ug/L
Nitrobenzene <66. ug/L
Pyridine <66. ug/L
2,4,6-trichlorophenol <66. ug/L
Pentachlorophenol <330. ug/L
2,4,5-trichlorophenol <66. ug/L
Cresol <66, ug/L
PCB’s

PCE~-1016 <0.1 ug/g
PCE~-122] <0.1 ug/g
PCB-1232 <0.1 ug/q
PCB~1242 <0.1 ug/g
PCB~1248 <0.1 ug/q
PCB-1254 <0.1 ug/g
PCB~1260 ' <0.1 - ug/g

SURROGATE RECOVERY

Dibutylchlorendate ' 80. %

These results have not been corrected for spike recoveries.

Konw Yol

Karen Groleau
Project Manager






TCLP AND ZHE EXTRACTION RECORD

NET Sample No. 30360 | 30362 | 30263 | 20267
Hatrix NiA Sotid | Nl Sotid | Wi e wid] mipm golid
ZHE 4§

SOLIDS DETERNINATION

We. of sample (A) 2 :2_?

Wi. of empty beaker (B) 10\

Wt. of beaker + collected filtrate () 3 97

Total Solids £ = 100 - (C-B/A x 100) /5: {_/

EXTRACTION FLUID DETERMINATION

pH 1 (5g ssp + 96.5 al D.I., stir for 5 min.) “‘L(Qo 5’,‘?’{ 3 Sq ‘75’()
pH 2 (If pH 1 1s »5.0 add 3.5 sl IH HCL,

heat for 10 min., cool) Aakps 5:.” <,01 <.

ph 3 (I7 pH 1 is <5.0, use extraction fluid 31)

Extraction fliuid to be used 1 a Q Y

Wit. of original sasple prior to filtration Q }?o\

Wt. of solfds after filtration G,

Addition of extraction fluld = 20 = ¥t. of solid '700

Date/Tie Started 02y D el Sioote | hootm | amepe
Date/Time Conpleted : ’;;gj ";;g};ﬁ ';;;:": l%:;i-:i
Final ot Y86 | 48 | 4960 | (89
Filtrate Volume 143

Extract Yolume 7 60
Analyst Signature__ 2 , Y C¥Sa g Date_{ [-25-70 Kotes 202N St Medals

s






NATIONAL Ingianapois Divigion
ENVIRONMENTAL Indianapoie. N 46250
® TESTENG, ENC Tel: (317) 842-4261

Fax: (317) B42-4286

INORGANIC QA/QC DATA

Client Name: BVEKS QE@V@LI’U&D ¥ Di&)
projece 10 : WA 08542] Hoosiex Spune BepacH
NET Lab No.: _J02(7

I

| Parameter

Date |Kethod BLk. | Accuracy
Anslyzed |  mg/L | sk SR | st

J I | [
TeLP-Cr 19349 <0.04 | 1.09 | 0.58 05D
i

Precision
HS/Sample | MSD/Dup,

|
¥ ¥

RPD

|
|
|
I
|
|

I
I
|
!
|
I
I
i
|
|
|
}
I
|
|
I
|
I
|
|
|
|
|
I
I
I

I

I

I | I

I [ I |
I I | I
: I I |
I I I I
| I I |
I | I |
| | I I
I I I I
I | I I
| | ! I
I | | |
I | | |
I | ] ]
I I I |
I I | |
I | | I
I I | |
I I I I
| | | |
I I I I
I I I |

|
I
|
:
|
|
:
I
I
I
I
I

Definition of Terms:

SS5R - Spiked Sampie Result, ma/L
SR - Sample Result, mg/L

8C - Spike Concentration, ma/L
HS - Hatrix Spike

MSD - Hatrix Spike Duplicate

comencs: NO_DUPLICATE 0. MSD ARALZED -~ RPD [NFoLmATIoN UNAVAILARLE,

. Dfﬁ . §-3/-93






NATIONAL Ingisnapors Divcion
. ENVIRONMENTAL ~ ciananons. 1N 450
§ . TESTING, INC. Tel. (317) 842-4261

Fax: (317) B42-4286

Page 2

INORGANIC QA/QC DATA

Client Name: 895&6 REGIMLM/& @ ‘DIQD

Project 1D : /OMA 055@:2-/ H005f€£ @Lfﬁdé’ Bﬂﬂﬁdﬂ
NET Lab No.: \50‘:94697

CCVS

Parameter Found True

TCLP-Cr| %

|
|
I
I
|
|
I
I
|
I

|
|
I
|
I
|
|
|
|
]
|
|
|
|
|
|
I
I
|
|
|
|
|
|
i
]

I
I
I
I
E
|
!
I
|
|
|
I
I
|
|

Definition of Terms:

CCVS - Continuing Calibration Verification Standard
LCS - Laboratory Controt Standard (Prep. Standard)
ICYS - Independent Calibration Verification Standard (External Standard)

Ccm'nents:‘gé- C«C/\! MD I“*C/é MOT HNIC\\/\!ZED.

Date: f’\g/ "?3

QasQL Daté Reviewed By:







Form w313
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_ ATOMIC ABSORPTION O\%
Metal | Spi Mo, |std abs ot |asorconc| 8PS| giution digestion Result  {mg/L
WAESSIERN &.018 652 | wio o/ 2%

N &l4s ) ©.636 | Lo 02725

N m oo j = 6.0l

27| s > o2 |0.do RS/
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& A5 |ey.usd /
(u:: S. 2ot [
Vst O.lod / st
{3 O .onr /
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Haste Muynagement of Caatrzl Indiana

743 N. 2hio
J. Box 446
.ukKemo, IN  46503-0446
ATTH:  Richard Benka sicicgicai & envircnmenia cenircl lacoratonss, inc. 1 9% R0,
415 kont mreet 1632 ensernlise parkway 21711130
tfciede, ohic 43605 fwinsturg, cnio 44087 P~
{419} &72-3307 (2447 425-3200 ~3ng
zamplis
descripgticon: dcosisr Sgline 3roscnh - Project # WMA 035 - pilae in back oI Duilding -
Irab - 9/11/9%1 & 1:Z20

\

Y

MIE

N N |
B oot/ dpin







Waste Management of (entral Indiana
740 M. Chio
P.0. Box 4445

kemo, IN 46303-0446

ATTM: Richard Renke ticlogical & environmental controt lcberatcres, inc. ;3bﬂ&
‘ 218 font strest 1422 enterpase parkway i o
*olede, ohin 42608 rwvinsourg, cnio 44037 = ._PIFM 1130
{419} 093-5207 {246V 428-8200 (R e
sEmpls
descripuicn

& TCLP Hztrazst bv Method of Standard Additicns as
scutlinsed in US ZPA "Test Mathods for Evaluating Zolid Wastes
Zhvsical/Chemical Methods™, “9W-346, Third Sditicon, November, 1386,

results

HMeasurec Matrix Spike Bias Corractzd
Analvte Limic Coneentrat 0 % Regovery Rasylt
Chromivm 3.0 mg/L 2.4 mg/L 0.0 2.7 mg/L

(
N

N,

| . \ .
e corriefed: Drach: roved by )
3/18/91 DVV/MJIK % y-«.udfﬂ,/ iﬁ‘f'{/sfc—f,z/&-«

Sl sy ore <L o TITEd S5 ISNNCental ST U

2oTCns. Authonzoion for QuoieIacn N whCIE or Toris resernves Oéﬁd;r‘g GUr AT EA QT OGS, 35 T TG CISTRonIn
L -






Yaste Management =f Central Indiana
740 M. Ohio
P.0. Box 446

Aoy Ti~hord Re 2 ) . . . - . ~Bb B
== ichard Renke bictegica! & environmenial cortio! latorgicornies, inc. =B e
S1E frent streat 1832 anferprise parkway 21711740
toledo, chio 43605 hwinsburg, ohic da087 T
(d19) ¢93-5307 (246 428-3200 o

REVIZED REPCRT

atrix Spikas 2izs Zorrectad
Analite Limit Concentration % Recovers Resuit
Shremivn 2.0 mg/L 2.8 mg/L 14 2.2 mg/L
Thiz rapert was revigsed fo corrsct the znalyte rsquested v olisnt,
Tha results were affected by this revizion.
@
zoie compielad. tacn
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NET Midwest, ing,
Indianapolis Division

2 | ENVIRONMENTAL 6964 Hillsdale Court

Indianapolis, IN 46250
\ TESTENG, INC. Tel: (317) 842-4261

Fax: (317) 842-4286

CHATIN OF CUSTODY

Ciient ’RL\@{L Ry P

Project Heemey Sglma Brvacin

Send Report to: "QJ,.\&,,( <

Name
Project §#: iwmMA 035¢2(

Address 70 By 10
Li’ﬂ%w‘”f‘sbr“‘ \N L(cp

Telephone # . .q [105.577/

Ge(7

Collected by:

toliection Informstion N N \( o n;-:.m
& HE i -
N | . 3 sl I; J{
Sample Sampling Bete | Time | & | 0 |Semple] of *' 3 ig)-gc& AR i
10 Location A e Jean-ded) 1T 3\3? D1 (o]
BjF tatner| o ""é_\fﬁdg;&’ul’f‘“
"\HMA o6 b 6-.'\*‘1“ f i .~ L -
st | ole J,‘} \f,?m “T bt 3V e M
7
Remarks:
Relinquished by: Date Time Received by: Date Time

/A iz Jeors

Shipping Notes/Lab Comments

Samples Field Filtered:
Seals Intact Upon Receipt:

Received for NET Midwest by:

Yes
Yes
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TCLP AND ZHE EXTRACTION RECORD

NET Sample No. 303(00 303(93 309.&;3 _20%.7
Matrix NIA Solid | NIA Sotid | MIm L wid] g eotid
ZHE #
SOLIDS DETERNINATION
Wt. of saip]e () 22%
Wt. of empty beaker (8) ] O
Wt. of beaker + collected filtrate () i c;:/
Total Solids % = 100 - (C-B/A x 100) [52Y
EXTRACTION FLUID DETERMINATION .
pH 1 (5g sup + 96.5 sl D.1., stir for S min.) "?'ceo 5,“{5 h Sq 750
pH 2 (If pH 1 is »5.0 add 3.5 =L 1K HCL,
heat for 10 min., cool) By 5’:.” <0\ < &9
pH 3 (If pH 1 js <5.0, use extraction fluid #1) ’
Extraction fluid to be used i & (;) L i
Wt. of original sample prior to filtration a 2?5,
Wi. of solids after filtration 2Co
Addition of extraction fluid = 20 x Wt. of solid BIOO
Date/Time Started 10-29D 200l "3':::) ‘g;:\ ! °pag°$i\ ji;’ﬁ
Date/Tige Complated ,g"_: ";"z{; ‘:S / g,'lf;"“ ’;’2’2
Final pH Y50 455 460 .89
Filtrate Voluse 1973
Extract Volume o0 [
Analyst Signature, 32 . W~ < Toealo Date__J O-25~7¢ Notes DOAY S o e Madals







TCLP AND Zhe EXTRACYION RECORD

PAGE HO.

NET Sample Ho.

3o5Ng

B2 7635

20135

203207

Hatrix

MR

P Ligad

Na Sevd

MIA Sold

ZHE §

A

4

C

>

SOLIDS DETERKINATION

Wt. of sample (A)

Wt. of emply beaker {(B8)

Wt. of beaker + collected filtrate (C)

Total Solids £ = 100 - (C-8/A x 100)

EXTRACTION FLUID DETERMINATION

pH 1 (5¢ smp + 96.5 el D.l., stir for S min.)

pH 2 (If pH 1 s »5.0 add 3.5 sl 1K HCL,
heat for 10 min., cool)

pH 3 (If pH 1 is <5.0, use extraction flyid #1)

Extraction fluid to be used

Wt. of original sample prior 2o filtration

Wt. of solids after fiitratfon

Addition of extraction fluid = 20 x Wt. of solfd

Date/Time Started

16 3vQyp

'}_"Qer'-

19-31-4%
20000

19 - 346D
AR P

10390
paRIv1o Gt

Date/Time Completed

1490
106

ji1-490
£ Q0w

f-1-70
K 0o e

1i-1~9e
2006

Final pH

Filtrate Volume

Extract Volume

Analyst Signature —t=. pa ¥\, C‘*’ 30128 %“é‘&‘\
11

Date_1-3v-50 Notes Q900 T Moy o0\

|






NATIONAL Ingianapohs Division
ENV'RONMENTAL 6964 Hiilsdale Court

indianapolis, IN 46250

® TESTING, INC. Tel: (317) 842-4261

Fax: (317) 842-4286

]
5
-
- -
os
December 08, 1991 “h
£
Mr. Dick Benke /cc: Tracy Barnes

WASTE MANAGEMENT OF CENTRAL INDIANA ‘ IDEM
P.O. Box 446

Kokomo, 1IN 46903-0446

Re: Quality Control information for TCLP Chrome analysis of
samples 30267 and 36781 (WMA 035621).

Mr. Benke:

Enclosed please find all pertinent documentation for the above

named samples, including a QA/QC data summary for the analysis of
sample 36781.

Upcon review of the data, I have made the following observations:

- Although parts of the same waste stream, the two samples were
submitted five months apart and were the result of two separate
sampling events.

- TCLP prep data shows that the same extraction fluid was used
for both samples but the final pH differed significantly. The
lower final pH yield a higher TCLP Chrome result. It has be-
come apparent in the past that the pH determination portion of
the TCLP extraction is critical to the end result.

- The raw data for the analysis of sample 30267 shows evidence
that the instrument may not have been optimized due to low
absorbances for calibration standards.

- The raw data for the analysis of sample 36781 reveals good
optimization of the instrument, good linearity of the stan-
dard curve, and the proper number and frequency of quality
control indicators within control limits. The MS and MSD on
sample 36781 was over the range of the standard curve run
on that day, although the operations manual for the instru-
ment shows that under the operating conditions used for the
chromium analysis the linear range reaches 3.0 mg/L. See the
attached documentation.






NATIONAL InGianapols Division
ENVIRONMENTAL @anapals N 46250
¥ TESTiNG’ INC. Tel: (317) 842-4261

Fax: (317} 842-4286

Page 2

- The reported chrome concentration for sample 36781 was 10.
mg/L and it was stated on the report that this result had
been bias corrected for spike recovery. In fact, the result
had not been bias corrected, and the corrected concentration
was 14. mg/L based on spike recovery for chrome of 70%.

Although there prove to be some minor inconsistencies in the
data, I believe the analysis performed on sample 36781 is valid
and that this waste is in excess of 5.0 mg/L of TCLP Chromium.

If you need any other information or have any questions, please
contact me at any time.

Beth Day
Quality Assurance Coordinator






CROFEL

Klement.:
Time: 1l:
ID/WE Hil

Element File:
llate: 11/13/80
ata File:
Teschnigue: Flame .
Remark 10 NP Midwest, Indianapo!lis |
Bemark 20 Perkin Elmer AA--3100
Remark 3: EFA Mothod #2151

1D Blank

Seq. No.:

Cr

Absorbance: -0 308

Absorbance: -0,308

Mean Absorbance: -(.308

Auto-mers Jaerformed.

1D Blank

ur Seq. No.:

Absorbance: -0, 000
Abzorbaice: G000
0.000

Mesan Absorbances:

Auto-zero perloried.

Calib. Type: Linear
Jivision

Cr
44

el

Wavelength: 357 .9
Glitr 0.7
Lamp Current:
EH:)‘J}.‘YI [ ]

TCLE . IDW

zZh

A/ Pos . :

0nNisy

Time: 11:44

Time: 11:44

SDh: 0.00u4

A/ Pos. o () Dale:

0017y 11/13./60

Tims: 11:4h
Time: 11:45
0.06061 1030, 75

=1 b)) :

i 1D Standard 3 SDea. No.: 0017 A/S Pos. v 1 Dates: 11/13/80

G.008

Absortainee:
Absorbance: 0,008
Mean Absorbanaces: 0.003

Standard number 1 oapplied. [0.250)
Dorrelation cosfficient: 1. 0DOOH

Tinez: 11:48

Tims: 11:46

SD: u. Doz Rebi%)y: 6

Slope: LS5







Absortssese 1) ULE Times: 11:47
ConceEnTra {ig/h ) u. 4Ty

Absorbance: 0,015 Time: 11:47
Concentration {(mg/L ): 0.463

Mean Cone  (mg/L ): U, 466 SD: U.L0EC RaD(%): 1.0

Standard number 2 applied. [0.500]
Correlation coefficient: {99594 Slope: (.03123

Cr ID: Standaed 3 Zeq. No.: 00173 AZS Pos. 3 Dater 11713700 ;-

Absorbance: (.033 Time: 11:47
Concentration (mesL ): 1.048

Absorbance: U032 Time: 11:48

Concentration (mg/L 3 1,053
Mean Cone  (me/ L ) 1.040 =D 0.0110 PRI RTIEAS T

Standard munber 3 applied.  [1.000] -
Correlation coafficient: 0.85894 Slope: {.0323

[Display Calibration - C:\AA_USER\AA FILES\ELENENTSCR |+

B._03
7 /r‘:__lss

Lincor
Corr, Casf.: D.99674
Siope: C.D373
T
a.0 Cencentration 1.00

Cr I VER. 0.50/1.80 S=q. No.: 00174 A/% Pos.: 4 Date: 11/13/90

Absorbance: 0,015 Time: 11:44%
Concentration {mg/l. ): 0.468

o
Absorbance: 0015 Time=: 11:449 /Q 7>

Concentration (me/l  §: U456

Moy Cone {me/Te 5 0. 481 YR A RODwEy s 1. e

Y e D ane Seny. No noLes AA

T — ) ““







Absorbance: -0.004 Times: 11:hy
Concentration (me/l 5 -, 143

Absorbance. -0.004 Tiwe: 11:50
Concentiration (mg/L ): -0.119

Mean Conc  (mg/L  ): -0.1186 ED: 0.0043 RED{%3}: .69

Autc-zero performed.

Cr ID: WPSs8 TV 0.38 Seq. No.: 00176 A/S Pos. o 6 Date: 13/13/80

Absorbance: 0.011 Time: 11:50
Concentration {mg/L ): 0.341

?‘7175

Absorbance: 0,011 Time: 11:51

Concentration (mg/L  ): 0.336

Mean Cone (mg/fL ) (3.339 aD: 0.0038 RED(%Y: 1.12

Cr 10: Blank Seq. No.: 00177 A/S Pos.t 1 Date: 11/13/80
Absorbance: -0.000 - Times: 11:61

Concentration (mg/L ): -0.010

Absorbance: - 001 Time: 11:H1
Concentration (mg/L ): -0.016

Mezan Conc  {mg/l - -0.013 5D: 0.004%2 RED{%)+ 32,69

Auto-zero performed.

Ci 1D: 30579 Sey. No.: 00178 A/S Pos.: B Date: 11/13/90
\Absorbance: 0.004 Time: 11:67

Uoter=nvration (me/l ) 0,112

Absorbance: (. 004 ' Time: 11:52

Concentration (mg/L ): 0.109

Mean Conc (mg/L0 ) 0.111 SD: 0.0u16 RSL{%): 1.43

Cr 1D: B5T9ME 0.A0/10.0 Seq. No.: 00179 A/S Pos.: 3 Date: 1113790

Absorbarnce: 0,020 Time: 11:52

Concentration (mg/L ) 0.810

L
(i~ />

Absorbance: (.020 Time: 11:53

Concentration (mg/l  ): 0.609

Mean Cone (mg/L ) 0.610 S0 0.0010 Bodn%): v 1v¢
Ly ID: 30901 Seq. No.: 00180 A/S Pos. i b Daws: 11/13/90

Abhsoaboase: (3,000 Tiges: L1:F04







BT P R I T A PR )

Absorbance: D002 Time: 11:05

Concentrac! (mg/L ) 0,051

Mean Conc  fmg/L ) 0.0581 ol 0.0003 ROIH ey .65

Cr 1 30902 5PK Sey. No.: (0181 45 Pos.: 11 Davz: 11/13/90

Absorbance: 0,020 Time: 11:04 13 ;)Qf/b

Concentration (mg/lL ) 0.613

Absorbance: .02 Time: 11:54
Concentration (mg/L ): 0.616

Mean Conc  {mg/L  }: 0.6814 SDe: 0. 0625 RED(%): .41
Cr b 3104z Seq. No.: 00182 A/S Pos.: 12 Date: 11/13/590
Ahsorbance: 0,001 Time: 11:564

oncentration (mg/l 3: (0.045
Absorbance: 0,001 Times: 11:55
Coneentration (mg/L )@ 0,046

Mean Conc (/L ): 0.045 SD: 00005 HSD(%)y: 1.16

Cr ID: 042M5 .56/10.0 Seq. No.: 00183 A/S Pos.: 13 Date: 11/13/90

Absorbance: 0.016 Time: 11:566
Concentration {mg/L ): {.482

Absorbasnce: U816 Time: 11:56 (\Qif’q:

Concentration (mg/L  ): 0.487

Mean Conc (mg/L  ): 0.484 S0 U, 003k RaN(my: .77
Cr 1D 29818 Sey. No.: 00184 A/S Pos.: 14 Liatea: 11/13/490
Absorbance: 0,002 Time: 11:56

Concentration (ms/L,  ): 0,054

\.Absorbance‘. {1.002 Time: 11:56
Concentration {(mg/L ¥: (.0565

Mean Conc (mg/L ): 0. b4 Sh: 0. 007 HoDEy s 1,31

Cr D B18M2 0.50/10.0 Seq. No.: 00185 A/S Fos.: 1b Date: 11/13/80

Abcorbance: 0.017 Time: 11:5H7 ()l@

Concentration (mg/L )t 0.53h L

Absorhance: U.017 Time: 11:57 Kb
voncentration (mg/ls ) (0.537

va . o . Pt e AL N R







Powving v g s e &,

Cr 15 ] Seq. No.: 00186 A/S Pon 1B Date: 1171379

Absorbance: 0.001 Time: 11:57
Concentration (mg/L  ): 0.043

Absorbance: 0.001 Time: 11:58
Concentration (mg/L ): 0.043

Mean Cone  (mg/l 3 0).043 SDe 00002 RED{%Y: 0.41

Cr b Blank Seq. No.: 00187 A/ Fos. o 1Y Date: 11/13/90

Absorbance: -4, 30U Time: 11:58 : ‘ A
Concentration (mg/L  ): -0.010 L ‘ .

Absorbance: -0.00) Time: 11:58
Concentration (mg/L ): -0.009

Moar Conc  (mg/L ) -0.010 SD: 0.0005 Ral%y: 4.96

Auto-zero performsd. ) : 5 !

Uy 100 VER, 0. 50/1.00 Seq. Noo: 001wy A/S Pos.: 18 Dats: 11/13/90

Absorbance: ) (J20 Time: 11:59
Concentration (me L y: (.604

Absorbance: 0,015 Time: 11:58
Concentration (mg/L )i 0,599
Yean Conc  {mg/L - 0.602 3D: 0.0036 RsD(%): 0,58

Cr 1D Blank Zeq. No.: 00189 A/5 Pos.t 13 Date: 11/13/50

Absorbance: -0, 000 Time: 12:00
Concentration (mg/L )i -U.005

Absorbance: -0, 000 Time: 12:00

Concentration (mgsl ) -0.000 .
Mean Cone (megsL ) -0, 002 SD: 00,0030 RED(7 s 104,17 .
Auto-zZero performed.
Or Iy ul8MS 0.50/10.0 Seq. Ne.: 00130 A/S Pus. 20 Date: 11/13/30) ‘
Absorhisrce: 0,017 Time: 12:00 C:'(

Concentration (me/L ) (U522 /‘7 é / g
Absorbance: 0,017 Time: 12:01 ’
Concentration (mg/L ): 0,520 .

Mean Come  (mg/lL e 0.521 sh: 0.0009 KD%Y 0,17 . R






Cr 1D: Zutoz Seq. No. o p0LY) Ass Pos. o 21 Patas: 11/102,40
Absorbance: 0002 Time:: 12001
Concentrat fmz/ L 3 0.049 . R
,’\
Absorbance: .00z Time: 12:01
Conmcentyation (mg/L 3: 0048

Mean Cone (mg/L ) 0.049 Sl 0.0007 HaD(%): 1.53

Cr 1D B2EMs 0.60/10.0 Seq. Noo: Opl9e A5 Pos,: 22 Date: 11/13/90

Absorbance: 0,035 Timz: 12:00
Concentration (ng/L ): 1.073

Absorbance: 0.035 Time: 12:02
Goncentration (/L ): 1.081

Mean Cone  (mg/L ) 1.077 Sh: 0.005%4 RCD(%): 050

Cr ID: 30196 Seq. No.: 00193 A/S Pos. o 23 Date: 11/13/90

Absorbance: U002 Time: 12:02
Comcentration (me/L )}: 0,058

Abssorbansee: 002 Time: 12:03

Concentration (mgsl j: 0,055

Mean Conc  (mg/l ): 0.085 S 0.0004 RED(%): 0 90

v ID: 199MS 0.5%0/10.0 Seq. No.: 00194 AsS Pos.: 24 Date: 11/13/00

Absorbance: U_018 Time: 12:03
Concentration (mg/L  ): 0,657 /L

Absorbance: 0.018 Time: 12:03 \ o\ { >
Concentration {mg/L ): 0.557
Mean Conc  (me/L ) 0. 857 SD: 0.,0003 BED(%) s 0,05

Cr th: 30200 SGery. Moo 00195 A/S Pos. .t 25 Date: 117173790

Abzorbance: . 002 Tirme: 12:04
Cuomcentration (mg/L ) 0049

Absorbance: 0,042 Time: 12:04
Concentration (mg/L ): fi.048
Mezan Con: Gl e .048 S0 000603 BAD{%Y: 047

O ID: 2u0Ms 0.50/10.0 Seq. Moo 001Ys A/G Tos ot 26 Date: 11/13/80

AR (L N Y]

e Tun







oneentration tmgsl ) U,

Absorbance: 0.016
Concentral {me2 /L ) 0,

Mean Conc (mg/L ):

Cr Ib: Blank

Absorbance: 01.000

Concentration (ma/L ): 0.

Absorbance: 0,001

Concentration: (mg/L Y0 0.
Mezan Conc  (mg/L .3

Autc-zero performed.

r Ib: VER. 0.50/1.00

Absorbance: U020

Concentration (mg/L Y 0.6

Absurbance: .000
Concentration (mg/L ) i

Mean Conc {me/L e

Cr ID: Blank

Abzorbance: 0.000
Concentration (mg/L ): 0.

Absorbance: 1,000

Concentration (mgsL ) 0,

M=an Cone  (mg/l )

Ao - 2eyn partformed.

Cr D 3020

Absorbance: . 002
Concentration {(mg/L ) 0.

\Absorbm\w:nb T 002

Concentration (mz/l 3

Meaan Cone (ol 7

[ ID: 20MS 0 B0/10.0

4

492

0.495

Seq. No.:

013

018

0.n16

S5eq. HNe,:

0.619

Seg. Nolc

003

o5

. 004

Seq. No.o:

043

DE4

0.052

Seg. Noo

Tire: 12705

Sh: 0.003b

00197

Time:

Time:

iy

A/E Pos. o 27

12:05

1u:

e

Hhr 00036

00198

Time:

Tire::

12:068

12:06

Sl 0,0040

00193

Time:

A/S Poso:

e

A/S Pou.: 29

12:07

Time: 12:07

ol 0,001

A/S Pos.: U

00z0n

Time:

Times:

12:08

1208

sh: 0.D033

0201

Mmoo

R

A5 Pos.: 3

Ao

O

{)

RED(%): 0.71

Date: 11/13/90

RED %) 0 2E.62

iJate: 11713790

RaD(%): 0.65

Date: 117127030

RelM%y: 44 le

Date: 11/15/80

RED(%): €.49

1 Dbater 11713780
/CT—“,’/







Absorbance: 0,017 Time=: 12:08
Concentration {ma/L Y0622

Mean Conc gL (.522 S 00005 RED(%): 0.1

e b 30267 Seq. No.: pougz A/S Bos,: 32 Date: 11/123,/90

Sample abs, is greater than that of the largest standard.
Absorbance: 0,171 Time: 12:09
Uoncerilration (mg/L  y: 5. 304

(3) )ﬁ:&’ i
Sample abs. is greater than that of the largest ztandard. M O(B

Absorbance: (. 171 Time: 12:09
Concentration (mg/L 3 5308

Sample abs. is greater than that of the largest standard.
Mean Conc  (mg/L ): 5.306 .Y SD: 0.0009 RSD(%): 0.05

Cr ID: 26TH5 0. 50/10 0 Seq. No.: 00203 A/3 Pos.: 33 Date: 11/13/90

Sample abs. is grealer bhan that of the largest standard.

Absorbance: 0,181 Time: 12:10 /\/S‘M

Concentration tmg/L Y B 5GE

Sanple abs. is greatsr than that of the largesi standard.

A
Absorbance: (3,181 Tims: 12:10 ‘Dg_fb

Concentration (mg/L ) 5.602
Sample abs. is greater than that of the largest standard.
Mean Cont (mgrsl  ): A 598 Sheo. D4 RSD(#%): 0.09

Cr ID: 30144 Seq. Nou: 00204 A/S Pos.: 34 Date: 11/13/90

Absarbance: 1 002 Time: 12:10
Concentration (mg/L }: 0.049

Abzsorbance: (.00] Time: 12111
Concentration (mg/L }: (. 048

Mean Conc  (mg/L  ): i}.048 2D 00024 BSD(%Y: 4.95

Late: L11/13/80

Cr e 144M5 0.50/10.0 Seq. No.: 00205 AL Tus .t 35

Abserhbanece: 014G Tim=: 12:11

Ceweepmration (mesl. ) ULUATE -L/?
(o (&

Al arbanos: (P10 Time: 12:11
voncentration (mgsl ) ULEAD

Mean Core: (gt ) 560D She G.00h4 Ral{zy: 10.92

Prae g, o K D L L S 15 Too s -3t e san







Absorbance: .01
Concentration (ms/l,

\bsorbano: Sl

Concentration (mg/h

Mean Cone  (mg/L )

Cr LIy Blank

Absorbance: -0, QUd
Concentration (mg/L

Absorbaro: (001
emcentraticn (mgsL

Mean Cone  (mes), )

Auto-zero per formed.

Cr 1D: VER. 0.50/1.00

Absorbance: 0 020
Crncentration (mg/L

Absorbance: H.U20
Concentration (ma/l

Mean Cone (/L0 )

cr ID: Blank

Absorbance: (). (00
Conocentration (me/L

Absorbance: 000U
Concentration (mg/L

Mean Conc  (mg/f )

Auto-zero perfiormed.

)

¥

1.043

0.040

u.p41 Sh:o0.001Y

IR

3:

Seq. No,: 00207 AsS

Time: 12:13
-0.002

.004

(. 001 aD: 0.0046

Seq. No.: 00208 A/S

Tim=: 12:13
0.624

Tires: 12:14
0.627

0.626 wD: 00016

Z2q. No. @ 00209 A0S

Time=: 12:14
0.003

Time: 12:14

LUz

0.002 S 1. 0006

Cr 0 1L9MS U bus1u o s Nol: 0021 Al

Absorbance: .0189
Concentration (mg/L

Absorbance: 1,019
Concentration tmgl

Mesn Cone (/L

Cr ID: 20348

R

b

Time: 12:156
L. 583

Time: 1.2:16
0,584

).584 Shoo0.0008

G Hol ot 00211 A

REDN{%): 4.68

Fos.: 37 Date: 11/13/90

RSD(%): 600.23

Pog.: 38 Date: 11/13/90

RED(%): D.26

Pog .o 309 Date: 11/13/90

RED{%): 27.60

Pos.t 40 Date: 11/103/90

wb}ff«b

RED(%): 0.12

Sl 4l Pate: 1110790







AN

AN

Bpzartaae st (1 Vire::
Cotezentratl o (meg/L ) U083

Absorbance Nis Time:
Concentrat. oo (mg/L0 ) 0.082

11l

12:16

Mean Conc  (mg/L )¢ 0.083 Sh: 3.n003 RED(%): 0.31

Cr ID: 348M5 0.50/10.0 Seg. Noo: QD212

Absorbance: 0,019 Time:
Concentration (mg/L  Y: 0.587

Abs rbanoe: (.019 Time:
Concentratlion (mg/L ) 0.589

A/ Pos.: 42 Date: 11/13/90

12116

T

Mean Cone  (mg/ ) 0.558 Sp: 0.0010 RED(%): 0,17

Cr ID: 306370 Seq. No.: 00213

Absorbance: 0.002 Time:
Concentraticn ime/L ) 0,062

Absorbance: 0,007 ' Time:
Concentration (/L0 ): 0,062

A/ Pos. o 43 Date: 11/13,/980

12:17

21017

Mean Coaw: (mg/L ): 0.062 SD: 0. 0002 RED{%): 0.33

Cr ID: 370M3 D.L0/10.0 Seq. No.: 00214

Alssorbance: 3.0185 Tipe:

Concentration (mg/l ) 00486

Absorbanee: G016 Tim=:
Laoncentratlon (gL Y 00484

Mean Conce  (mg/L ): . 485 ah: 0.

oy 1h: 30410 Seq. No.: 00215

Absorbance: 0,001 Time:
Concentration (ng/L Y 0.030

Absorbance: U.001 Time::
Dencentration (mesL Y 0,033

A/S Pos.t A4 Date: 11/13/80

12018

1201B gby/[y{?

0018 RED{%Y: 0.33

A/S Pos.: 4% Date: 11/15/90)

1218

Mear Cone (sl 3 1.031 SLhis 000z RED%): 7. 149

Cr 1T 410M5 0.60/10.0 Seq. No. D u0nie
Alsorbance o G007 Times
Gmeentration (me/L0 ) 0529

' e gl

A/S Pos.: 46 Nate: 11/13/90

1 1g

/D/LC/KH







Mean Conc  fmg/L ): u.527 Sk 0.0u29 RED(%): 0.4

Cr ID: Biank Seq. No.: 00217 ASS Pos. @ oaf Date: 11/13/80

Absorbance: 0,000 Time: 12:20
Concentration (mg/L ): 0.01%

Absorbance: (.00 Time: 12:20 ) o
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Mean Cone (mg/L ) 0.009 SD: 0.00%4 RSD(%Yy: 32.68 : - b
-
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Cr ID: 30400 Beg. Nooo 00280 AL Pooo 5O Date: 11/12,90

ey

Absorbance: 0.002 Time: 15:22 - ’ : i
Concentration (me/L ): 0.078 . ;

Absorbance: 0.002 Time: 12:02
Concentration (mg/L Y: 0.073

R N

Mean Conc  (mg/L ): 0.075 SD: 0.0020 RED(%y: 27D -

Cyx LD: 420M5 0.50/10.0 Sexy. No.o: 0022 A/5 Pos. o 51 Data: 11/13,90 7 ' o

Absorbance: 0,018 Time: 1:3:23 o o . » o
Concentration {mg/l, ) 0.569 / e ; s
12 /<

Absortance: 00149 Time:
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| ATOMIC ABSORPTION m
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NATIONAL NET Midwest, Inc.

Indianapolis Division

| ENVIRONMENTAL Inqianapeoale Cout |
TESTENG, INC Tel: (317) B42-4261

Fax: (317) 842-4288

ANALYTICAL REPORT

Mr. Richard Benke 04-11-91
BYERS RECYCLING & DISPOSAL
R R #3 Box 365B

Sample No.: 36781
Logansport, In 46947

P.0. NO.: 547576

Page 1
Sample Description: WMA 035621

Date Taken: 04-01-91 1375 Date Receiveq: 04-02-031

Parameters Results "Units
TCLP - Chromium 10. ng/L
These results have been adjusted to reflect spike recoveries.

Karen Groleau
Project Manager






NET Mid t, inc.
NATIONAL lndianalp\gl?: Dicigion

| ENVIRONMENTAL S nmabala N 20350
§ . TESTING, INC. Tel: (317) 842-4261

Fax: (317) B42-4286

ANALYTICAL REPORT

Mr. Richard Benke 04=-11-91
BYERS RECYCLING & DISPOSAL _
R R #3 Box 365B Sample No.: 36782

Logansport, In 46947
P.0. NO.: 547576

Page 1
Sample Description: WMAO35621 SPIKED

Date Taken: 04-01-91 1375 Date Received: 04-02-91
Parameters Results Units
TCLP - Chromium 70. ' %

o Hpnlamer

Karen Groleau
Project Manager
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: TCLP AND ZHE EXTRACTION RECORD : PAGE W0. 55

NET Sample Ko, g&’ '!5

Hatrix . | gA Caf- A

ZHE #

SOLIOS OETERNINATION Flucd 7l
; Ht. of sample (A) '
‘. | - | Wt. of empty beaker (8) 4 L‘. A2 ph

Nt. of beaker ¢ collected fiitrate (C)

Total Solids 2 = 100 - (C-8/A x 100)
; EXTRACTION FLUID DETERMINATION
-.' pH 1 (59 swp + 96.5 al 0.1., stir for § afn.) 7.00

PH 2 (If pH 1 fs >5.0 add 3.5 el 1IN HCL,

heat for 10 min., cool) 5.72

pH 3 (If pH 1 s <5.0, use extractfon fluid #1)

Extraction fluid to be used g

Wt. of original sample prior to filtration

Wt. of solids after filtration

Addition of extraction flufd = 20 x Wt. of solig

¢-5-4
Date/Time Started 40 O

V-b-qll
Date/Tine Completed O
Final p¥ <— }_}'
Fi{ltrate Volume - )

Extract Volume

Analyst Signature [ VA S Date </~ b Q[ Notes
Col b ok buéen 7= 706 ;c@\'.b P INYR YT
1y ta v

1 e

g = " >you 46 -6 1= 4.00







Sample (Digest} Initial Final Dil’n
Sample Number Date Analyst| Matrix |Method| Volume Volume Factor Comnments
3665 HAIdlan Vo o %050 ey Lo Oumd
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6 | j 222
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S / (A
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WEIEL DI TAGI WA IS IECUPLET iVEW 1= Gdl v g+3d = NET Miduwest, Inc. 18 2
Cr
{2i)
'gtandard Atomic Absorption Conditions for Ce
Havelength Slit Relative Sensitivity Sensitivity Linear
; Koise Check Range
(nm) (nm) {mg/L) (mg/L) {mg/L)>
Flow spoiler data: f
& 357.9 0.7 1.0 0.078 4.0 5.0
& 359.4 0.7 1.2 0.10 5,0 7.0
360.5 .7 T.7 0.14 7.0 7.0
425.4 o7 8.8 0.20 12.0 7.0
427 .5 oT 0.0 0.27 15.0 7.0
& 429.0 ? 6.9 0.38 20.0 5.0
Impact bead data: s
T 357 9 '7 1a0 D.OLH 2;0 ] 390 B
359.4 o7 1.2 0.054 2.5 THO
360.5 o7 7.7 C.068 3.0 3.0
425, 4 g.? 8.8 0.11 6.0 4.0
427.5 o7 10.0 0.14 8.0 3.0
425.0 9.7 5.9 0.20 12.0 3.0
Te Recommenddd Flane: Airoacetylane reducing (rich, yellow)
2, Sensitivigy wit 8 flow spoiler & N20-C2HZ flame at 357.9 nm:  0.31 mg/L 7
Standard Flame Emission Conditiens for Cr
Wavelengih Slit Flame
(nm) (nm)
B25.4 0.2 Kitrous oxide-scetylene
|
!
i
i
o
i
I
j oy January 1982






NATIONAL
ENVIRONMENTAL
o TESTING, INC.

NET Midwest, Inc.
Indianapolis Division
6964 Hillsdale Court
Indianapolis, IN 46250

Tel: (317} 842-4261
Fax: (317) 842-4286

INORGANIC QA/QC DATA

Client Name: Zéi&k&fzz }%:&3Qﬂ2¢£7%3 * ﬁ)déhﬂ9432/7

Project ID :

NET Lab No.:

LA 0350 92/

Fe78/

!
|
I
I
I
I
I
I
I
|
|
I
|
|
|
|
|
!
|
|
|
|
|
|

Date

Parameter Analyzed

| Prep BLk |
| mest |

ICY

Precision

found

True

%Rec.

HS

MSD | RPD

7 L

7/

| | |
4//0/62/i 40.04i& Je3 o ddd! G/

i
I
|
|
|
|
|
I
|
|
|
I
I
|
|
I
|
I
|
I

!
I
I
|
|
|
I
|
!
I
I
I
I
I
I
|
I
I
I
|
|
I
I
I

Advisory Control Limits:

Prep Blank - should be less than the reporting Limit.
Independent Calibration Verification (ICV) -

Accuracy - should get 75-125% Recovery for Matrix $pike.
Precision - should get <20% Relative Percent Difference for HWS/MSD.

Comments:

should get 90-110% Recovery.

GA/QC Data Reviewed By: g&:{ %

Date: /;-é - 4/

4
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ENVIRONMENTAL
. TESTING, INC.

NET Midwest, Inc.
Indianapolis Division
6964 Hilisdale Court
indianapolis, IN 46250

Tel: (317) B42-4261
Fax: (317) 842-4286

Page ¢
INORGANIC QA/QC DATA

Client Name: g@m /’?Wu’/mm ¥ pr&’,@ﬁ/

Project ID : LLI/YI/Q Oéf@o?/

NET Lab No.: 30 78/
| | Reag. Blk. | ccv | LCS 1 RLVS
|  Parameter ma/L |  Found E True % XRec. = found { True || ¥Rec. | Obtained ; %Rec
I
' I

<004 10 508\ 0.500) 10

0,498 0.500) 100
i

!
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|
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|
I
|
|
I
I
|
|
|
!
|
|
I
I

I
|
I
I
|
I
I
I
|
I
I
|
I
I
|
I
I
|
I
|
I

Advisory Control Limits:

Reagent Blank - should be less than the reporting limit.

Continuing Catibration Verification (ECV) - should get 90-110% Recovery.
Laboratory Control Standerd (LCS) - shouid gat B0-120% Recovery.
Reporting Limit Verification standard (RLYS) - should be 75-125% Recovery.

Comments:

QA/QC Dats Reviewed By: %/M %

Date: /P?“é _ ?//







" biclogicat & environmental control iaboratories, inc.

September 22, 1993

Hoosier Spline & Broach Corp.
P.O. Box 538
Kokomo, [N 46803-0538

Attn.: Ms. Diane Huston

Dear Ms. Huston:

i have now had a chance to retrieve all Q.C. data you requested on samples submitted
in 1891 and 1892. A run down follows for each individual sample.

(1) 91711130 - Project WMA 035 - pile in back of building -grab - 9/11/81 @ 1:30.

Analysis was Bias Corrected TCLP Chromium. Run by Fiame Atomic
absorption.

As required by SW-846 TCLP Procedure, this analysis was run by the Method of

Standard Additions. Data can be found in Laboratory Book # 236, Pages 106 &
107. Data was as follows:

Independent Check Standard before Analysis:
%R =0.220/0.201 x 100 = 109.4%

Addition; Sample +0.25mg/L +0.50mg/L +0.75mg/L Corr. Coeff,
{0.995 - 1.000)
Samplet:10 Dil. - 0.015 0.033 0.048 0.064 0.9993

Conc. =0.242 x 10 = 2.42mg/L

Addition; Sample + +0.25mg/L +0.50mg/L +0.75mg/L Corr. Coeff.
Spike (0.995 - 1.000)
Sample + 1mg/l 0.022 0.038 0.056 0.072 0.9998
Spike

Conc. = 0.332 x 10 = 3.32 mg/L

Matrix Spike:
%R = (3.32 - 2.42)/1.00 x 100 = 80%

1632 enterprise parkway 615 front street
twinsburg, chic 44087 toledo, ohio 43605
phone (216} 425-8200 phone (419) 693-5307






Page 2 - Quality Control Data

(3)

~

Independent Check Standard after Analysis:
%R =0.181/0.201 x 100 = 95.0%

All BEC Laboratory D.Q.O. (Data Quality Objectives) were met for this analysis.

99711740 - Hoosier Spline Broach - pile in back of shop - grab - 9/24/81 @ 10
a.m. Analysis was Bias Corrected TCLP Chromium. Run by ICP Spectroscopy.

As required by SW-846 TCLP Procedure, this analysis was run by the Method of
Standard Additions. Data can be found attached to the back of the archive copy.

Independent Check Standard before Analysis:

%R =.1.09/1.0C X 100 = 153.0%
Addition: Sample +05mgit. | +1.0mg/L +1.5 mg/L Corr. Coeff
{0.995 - 1.000)
Sample 2.54 3.05 3.48 3.91 0.9991
Sample Conc. = 2.82 mg/L
Addition: - Sample +0.5 mg/l +1.0 mg/L +1.5 mg/L Corr. Coeff.
(0.995 - 1.000)
Sample + 1mg/L 3.45 3.83 4.40 4.79 0.9989
Spike

Sample + Spike Conc. = 3.86 mg/L

Matrix Spike:
‘ %R = (3.86-2.82)/1.00 x 100 = 104.0%

Independent Check Standard after Analysis:
%R = 0.986 /1.00x 100 = 98.6%

As for the first sample, all D.Q.0.'s were met for this analysis.

92708972 - Hoosier Spline & Broach - sludge - grab -7/7/92 @ 10:00. Analysis
was Bias corrected TCLP (8 RCRA Metals). This analysis was run by ICP

spectroscopy.

As for the previous two samples, the Method of Standard Additions was used.

Raw data can be found attached to the archive copy of this report.

Due to the level of Chromium in this sample, a dilution was required. Data was

as follows:
Addition: Sample +0.5 mg/L +1.0 mg/L Corr. Coeff.
(0.985 - 1.000)
Sample 1:10 Dil. 0.819 1.34 1.88 0.9009

Conc. =0.769x 10 =7.69 mg/L
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(4)

Addition: Sample +0.25 mg/L +0.5mgll | Com. Coeff.
(0.995 - 1.000)
Sample + 1mg/L 0.802 1.41 1.94 0.9908
Spike
Conc. = 0.865 x 10 = 8.65 mg/L
Matrix Spike:

%R = (8.65 - 7.69)/1.00 = 86.0%

independent Check Standard after Analysis:
%R =1.01/1.00 x 100 = 101.0%

92712008 - Hoosier Spline & Broach - grab - waste sludge - 7/20/92 @11 am.

" Analysis was TCLP Chromium. This was run by ICP Spectroscopy.

As for the previous three samples, the method of Standard Additions was used.
Raw data can be found attached to the archive copy of the report.

Independent Check Standard before Analysis;
%R - 1.05/1.00 x 100 = 105%

Addition: Sample +0.5 mg/l. +1.0 mg/L +1.5 mg/L Corr. Coeff.
{0.895 - 1.000)
- Sample 0.151 0.635 1.12 1.620 1.000

Sample Conc. =0.15 mg/L

Independent Check Standard after Analysis:
%R = 1.00/1.00 x 100 = 100.0%

As for the previous samples, all D.Q.Q. were met for this analysis.

I wish to apologize for the length of time which it took to get this report to you. This was
due to the time required to retrieve data because these were not current samples. I
you have further questions or need more information, please feel free to call me at 1-

419-693-5307.

Sincerely,

5;,4,4;,7%@

J.F. Blair
Quality Assurance Manager







Chemical Waste Management, Inc.

¥ Midwest Region Laboratory
150 Wast 137th Street
Riverdale, lllincis 60627
. -70B/841-8360

October 1, 1993

Hoosier Spline Broach Corp.
P.O. Box 538
Kokomo, IN 46803-0538 -

Attention: Ms. Diane Houston

Dear Ms. Houston:

Pursuant to our phone conversation last week concerning chromium analyses at
Chemical Waste Management's Northern Region Laboratory, | offer the following
information: ' o

For sample #200053225, we did not perform any metals analysis.

For sample #200066354:

Total Chromium

. This analysis was performed utilizing SW-846 Method 3050A for the digestion and
- SW-846 Method 6010A for the quantitation. The analysis was performed on a
Jarrel Ash 61E ICP.

The following is the QC information for this analysis:

Check Sample 1D Resuit Acceptance Criteria
Instrument Performance Check 5.316 ppm 4.812 - 6.206 ppm
Initial Blank Verification 0.001 ppm <0.003 ppm
Initial Calibration Verification . 4,761 ppm 4.500 - 5.500 ppm
Continuing Blank Verification -0.0015 ppm <0.003 ppm
Continuing Calibration Verification 4.882 ppm 4.500 - 5.500 ppm
Method Blank 0.0063 ppm. <0.025 ppm
QC Check Standard 4.832 ppm 4.251 - 5.192 ppm
Percent Error on Matrix Duplicate 17.8% <20%
Percent Recovery on Matrix Spike 76.8% 80-120%

" Spike was inappropriate for the level of analyte in the spiked sample.

@ Printgd on racycled paper






Diane Houston
Hoosier Spline Broach Corp
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TCLP Chromium

This analysis was performed utilizing the TCLP method as specified in the Federal
Register Vol. 55, No. 126, 26986-98 and the quantitation method was SW-846
Method 6010A. The analysis was performed on a Jarrel Ash 61E ICP.

Check Sample iD Result Acceptance Criteria
Instrument Performance Check 5.597 ppm 4.812 - 6.206 ppm
Initial Blank Verification -0.0017 ppm <0.003 ppm
Initial Calibration Verification ‘ 4.548 ppm 4.500 -.5.500 ppm
Continuing Blank Verification -0.0007 ppm <0.003 ppm
Continuing Calibration Verification 4.661 ppm 4.500 - 5.500 ppm
Method Blank 0.0031 ppm _ <0.02 ppm
QC Check Standard 1.875 ppm 1.792 - 2.112 ppm
Percent Error on Matrix Duplicate 3.0% <20%
Percent Recovery on Matrix Spike 83% 80-120%

In addition to these sample specific data, CWM employs several other programs to help
ensure quality data:

Blind Duplicates

A sample that is processed in the laboratory for a given set of parameters is re-
introduced for the same parameters into the laboratory without the knowledge of
the chemists. The resuits of both analyses are compared and if any problems are
indicated by differing resuits, investigations and subsequent corrective actions are
taken. This program is run to cover all parameters on a monthly basis.

Standard Reference Materials

On a quarterly basis, certified reference materials are submitted to the laboratory
for all parameters analyzed. The resuits of these analyses are compared to the
documented acceptance criteria and any outlying data points are investigated with
subsequent corrective actions implemented when appropriate.







Diane- Houston
Hoosier Spline Broach Corp
Page THREE

Reference Laboratory Proaram

Each month, all CWM iaboratories submit samples to areference laboratory for the
same analyses that they performed. Again, as in Blind Duplicates, the results are
compared and discrepant data are investigated. All parameters analyzed must be
covered at least quarterly or more frequently, if specified in a site permit.

| hope that this information wiil assist you in your investigation of the chromium results.
if you have any questions regarding any of this information, or require anything further,
please do not hesitate to contact me at 708/841-8360.

Sincerely,

Ronald J. Osborn, QA Manager
Chemical Waste Management, inc.

RO/gb






CHAPTER NINE

SAMPLING PLAN

9.1 DESIGN AND DEVELOPMENT

The initial ~- and perhaps most critical -- element in a program designed
to evaluate the physical and chemical properties of a solid waste is the plan
for sampling the waste. It is understandable that analytical studies, with
their sophisticated instrumentation and high cost, are often perceived as the
dominant element in a waste characterization program. Yet, despite that
sophistication and high cost, analytical data generated by a scientifically
defective sampling plan have limited utility, particularly in the case of
regulatory proceedings.

This section of the manual addresses the development and implementation
of a scientifically credible sampling plan for a solid waste and the
documentation of the chain of custody for such & plan. The information
presented in this section is relevant to the sampling of any solid waste,
which has been defined by the EPA 1in its regulations for the identification
and 1isting of hazardous wastes to include solid, semisolid, Tiquid, and
contained gaseous materials. However, the physical and chemical diversity of
those materials, as well as the dissimilarity of storage faciiities (lagoons,
open piles, tanks, drums, etc.) and sampling equipment associated with them,
preclude a detailed consideration of any specific sampling plan. Conse-
quently, because the burden of responsibility for developing a technically
sound sampling plan rests with the waste producer, it is advisable that he/she
seek competent advice before designing a plan. This is particularly true in
the early developmental stages of a sampling plan, at which time at least a
basic understanding of applied statistics is required. Applied statistics is
the science of empioying techniques that allow the uncertainty of inductive
inferences (general conclusions based on partial knowledge) to be evaluated.

9.1.1 Development of Appropriate Sampling Plans

An appropriate sampling plan for a solid waste must be responsive to both
regulatory and scientific objectives. Once those objectives have been clearly
identified, a suitable sampling strategy, predicated upon fundamental statis-
tical concepts, can be developed. The statistical terminology associated with
those concepts is reviewed in Table 9-1; Student's "t" values for use in the
statistics of Table 9-1 appear in Table 9-2.

9.1.1.1 Regulatory and Scientific Objectives

The EPA, in its hazardous waste management system, has required that
certain solid wastes be analyzed for physical and chemical properties. It is
mostly chemical properties that are of concern, and, in the case of a number
of chemical contaminants, the EPA has promulgated levels (regulatory
thresholds) that cannot be egqualed or exceeded. The regulations pertaining to
the management of hazardous wastes contain three references regarding the

NINE - 1
Revision 0
Date Sepfember 1986




TABLE 9-1,

BASIC STATISTICAL TERMINOLOGY APPLICABLE TO SAMPLING PLANS FOR SOLID WASTES

Terminology Symbol Mathematical equation (Equation}
variable (e.g., barium X —
or endrin)
- Individual measurement Xj —_—
of variable
N
_E X;
Mean of all possible i § = 1=§ , with N = number of (1)
measurements of variable possible measurements
(population mean)
Mean of measurements X Simple random sampling and
generated by sample systematic random sampling
(sample mean)
n
L X;
X = 1=a , with n = number of (2a)
sample measurements
Stratified random sampling
r
X = L wkik' with Xy = stratum (2b)
=1 mean and Wy = frac-
tion of population
represented by Stratum
k (number of strata
[k] range from 1 to r)
+ Variance of sample s2 Simpie random sampling and
systematic random sampling
n 2 n 2
L X i - (Ex )
52 - 1"1 1—1 (3&)
Stratified random sampling
2 L2 2 _
s = LWs . with s stratum (3b)
k=1 varianEe and W
fraction of poBu]at1on
represent by Stratum k
(number of strata [k]
ranges from 1 to r)
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TABLE 9-1. (Continued)

Terminology _ Symbol Mathematical equation (Equation)
Standard deviation of s s = I:E _ {4)
sample
Standard error sz 5. = —— {5)
(also standard error n
of mean and standard
deviation of mean)
of sample
- Confidence interval c1 CI = X * t 20 sx« with t o9 (6)
for pd : obtained from
Table 2 for
appropriate
degrees of freedom
+ Regulatory threshold? RT Defined by EPA (e.g., 100 ppm for (7}
barium in elutriate of EP toxicity)
t22052 }
- Appropriate number of f no= s with A = RT - x (8)
samples to collect from A
a solid waste (financial
constraints not considered)
+ Degrees of freedom df df = n -1 {5)
Square root transformation  --- Xy + 1/2 (10)

Arcsin transformation -

Arcsin p; if necessary, refer to any (11)
text on basic statistics:
measurements must be con-
verted to percentages {p)

aThe upper limit of the CI for g is compared with the applicable reguiatory
threshold (RT) to determine if a solid waste contains the variable (chemical

contaminant) of concern at a hazardous level.

The contaminant of concern is not

considered to be present in the waste at a hazardous ievel if the upper 1imit of the CI
is lTess than the applicable RT. Otherwise, the opposite conclusion is reached.
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TABLE 9-2. TABULATED VALUES OF STUDENT'S "t" FOR EVALUATING
SOLID WASTES

Degrees of Tabulated
freedom (n-1)d "t" value

1 3.078
2 1.886
3 1.638
4 1.5633
5 1.476
6 1.440
7 : 1,415
8 1.397
9 1.393
10 1.372
11 1.363
12 1.356
13 1.350
14 1.345
15 1.341
16 1.337
17 1.333
18 1.330
19 1.328
20 1.325
21 1.323
22 1.321
23 1.319
24 1.318
25 1.316
26 1.315
27 1.314
28 1.313
29 1.311
30 1.310
40 1.303
60 1.296
120 1.289
1.282

dpegrees of freedom (df) are equal to the number of samples (n)
collected from a solid waste less one.

bTabulated "t values are for a two-tailed confidence interval
and a probability of 0.20 (the same values are applicable to a one-tailed
confidence interval and a probability of 0.10)}.
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sampling of solid wastes for analytical properties. The first reference,
which occurs throughout the vrequiations, requires that representative sampies
of waste be collected and defines representative samples as exhibiting average
properties of the whole waste. The second reference, which pertains just to
petitions to exclude wastes from being 1isted as hazardous wastes, specifies
that enough samples (but in no case less than four samples) be collected over
a period of time sufficient to represent the variability of the wastes. The
third reference, which applies oniy to ground water monitoring systems,
mandates that four replicates (subsamples) be taken from each ground water
sample intended for chemical analysis and that t{he mean concentration and
variance for each chemical constituent be calculated from those four
subsamples and compared with background levels for ground water. Even the

statistical test to be empioyed in that comparison is specified (Student's t-
test).

The first of the above-described references addresses the 1issue of
sampling accuracy, and the second and third references focus on sampling
variability or, conversely, sampling precision (actuaily the third reference
reTates to analytical variability, which, in many statistical tests, is
indistinguishable from true sampling variability). Sampling accuracy (the
cioseness of a sample value to its true value) and sampling precision (the
closeness of repeated sample values) are also the issues of overriding
importance in any scientific assessment of sampliing practices. Thus, from
both regulatory and scientific perspectives, the primary objectives of a
sampiing plan for a solid waste are twofold: namely, to collect samples that
will allow measurements of the chemical properties of the waste that are beth
accurate and precise. If the chemical measurements are sufficiently accurate

and precise, they will be considered reiiable estimates of the chemical
properties of the waste.

It is now apparent that a judgment must be made as to the degree of
sampliing accuracy and precision that 1is required to estimate reliably the
chemical characteristics of a solid waste for the purpose of comparing those
characteristics with applicable regulatory thresholds. Generally, high
accuracy and high precision are required if one or more chemical contaminants
of a solid waste are present at a concentration that s close to the
applicable regulatory threshold. Alternatively, relatively low accuracy and
low precision can be tolerated if the contaminants of concern occur at levels
far below or far above their applicable thresholds. However, a word of
caution is 1in order. Low sampling precision is often associated with
considerable savings in analytical, as well as sampling, costs and is clearly
recognizable even in the simplest of statistical tests. On the other hand,
low sampling accuracy may not entail cost savings and is always obscured in
statistical tests (i.e., it cannot be -evaluated). Therefore, although it is
desirable to design sampling plans for solid wastes to achieve only the
minimally required precision (at least two samples of a material are required
for any estimate of precision), it 1is prudent to design the plans to attain
the greatest possible accuracy.
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The roles that inaccurate and imprecise sampling can play in causing a
solid waste to be inappropriately judged hazardous are illustrated in Figure
9-1. When evaluating Figure 9-1, several points are worthy of consideration.
Although a sampling plan for a solid waste generates a mean concentration
() and standard deviation (s, a measure of the extent to which individual
sample concentrations are dispersed around X) for each chemical contaminant of
concern, it is not the variation of individual sample concentrations that is
of ultimate concern, but rather the variation that characterizes X itself.
That measure of dispersion is termed the standard deviation of the mean (also,
the standard error of the mean or standard error) and is designated as sy.
Those two sample values, X and sy, are used to estimate the interval (range)
within which the true mean (u) of the chemical concentration probably occurs,
under the assumption that the individual concentrations exhibit a normal
(bell-shaped) distribution. For the purposes of evaluating solid wastes, the
probability level (confidence interval) of 80% has been selected. That is,
for each chemical contaminant of concern, a confidence interval (CI) is
described within which g occurs if the sample is representative, which is
expected of about 80 out of 100 sampies. The upper limit of the 80% CI is
then compared with the appropriate regulatory threshold. If the upper 1limit
is less than the threshold, the chemical contaminant is not considered to be
present in the waste at a hazardous level; otherwise, the opposite conclusion
is drawn., One last point merits explanation. Even if the upper Timit of an
estimated 80% CI is only slightly less than the regulatory threshold (the
worst case of chemical contamination that would be judged acceptable), there
is only a 10% (not 20%) chance that the threshold is equaled or exceeded.
That is because values of a normally distributed contaminant that are ocutside
the 1imits of an 80% CI are equally distributed between the left (lower) and
right (upper) tails of the normal curve. Consequently, the CI employed to
evaluate solid wastes is, for all practical purposes, a 90% interval.

9.1.1.2 Fundamental Statistical Concepts

The concepts of sampling accuracy and precision have already been
introduced, along with some measurements of central tendency (X) and
dispersion (standard deviation {s] and sy) ' for concentrations of a chemical
contaminant of a soiid waste. The wutility of X and sy in estimating a
confidence interval that probably contains the true mean () concentration of
a contaminant has also been described. However, it was noted that the
validity of that estimate 1is predicated upon the assumption that individual
concentrations of the contaminant exhibit a normal distribution.

Statistical techniques for obtaining accurate and precise samples are
-~ relatively simple and easy to implement. Sampling accuracy 1is usually
achieved by some form of random sampling. In random sampling, every unit in
the population {e.g., every location in a lagoon used to store a solid waste)
has a theoretically equal chance of being sampied and measured. Consequently,
statistics generated by the sample (e.g., X and, to a lesser degree, sy) are
unbiased (accurate) estimators of true population parameters (e.g., the CI for
g). In other words, the sample 1is representative of the population. One of
the commonest methods of selecting a random sample 1is to divide the
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population by an imaginary grid, assign a series of consecutive numbers to the
units of the grid, and select the numbers (units) to be sampled through the
use of a random-numbers table (such a table can be found in any text on basic
statistics). It is important to emphasize that a haphazardly selected sample
is not a suitable substitute for a randomly selected sample. That is because
there is no assurance that a person performing undisciplined sampling will not
consciously or subconsciously favor the selection of certain units of the
population, thus causing the sample to be unrepresentative of the population.

Sampling precision is most commonly achieved by taking an appropriate
number of samples from the population. As can be observed from the equation
for calculating sy, precision increases sy and the CI for g decrease) as the
number of sampies (n) increases, aithough not 1im a 1:1 ratio. For example, a
100% increase in the number of samples from two to four causes the CI to
decrease by approximately 62% (about 31% of that decrease is associated with
the critical upper tail of the normal curve). However, another 100% increase
in sampling effort from four to eight samples results in only an additional
39% decrease in the CI. Another technique for increasing sampling precision
is to maximize the physical size (weight or volume) of the samples that are
collected. That has the effect of minimizing between-sample variation and,
consequently, decreasing sgx. Increasing the number or size of samples taken
from a population, in addition to increasing sampling precision, has the
secondary effect of increasing sampiing accuracy.

In summary, reliable information concerning the chemical properties of a
solid waste is needed for the purpose of comparing those properties with
applicable regulatory thresholds. If chemical information is to be considered
reliable, it must be accurate and sufficiently precise. Accuracy is usually
achieved by incorporating some form of randomness into the selection process
for the samples that generate the chemical information. Sufficient precision
is most often obtained by selecting an appropriate number of samples.

There are a few ramifications of the above-described concepts that merit
elaboration. If, for example, as in the case of semiconductor etching
solutions, each batch of a waste 1is completely homogeneous with regard to the
chemical properties of concern and that chemical homogeneity is constant
(uniform) over time (from batch to batch), a single sample collected from the
waste at an arbitrary location and time would theoretically generate an
accurate and precise estimate of the chemical properties. However, most
wastes are heterogeneous in terms of their chemical properties. If a batch of
waste is randomly heterogeneous with regard to its chemical characteristics
and that random chemical heterogeneity remains constant from batch to batch,
accuracy and appropriate precision can usually be achieved by simpie random
sampling. In that type of sampling, all units in the population (essentjally
all Tocations or points in all batches of waste from which a sample could be
collected) are identified, and a suitabie number of samples is randomly
selected from the population. More complex stratified random sampiing is
appropriate if a batch of waste is known to be nonrandomly heterogeneous in
terms of its chemical properties and/or nonrandom chemical heterogeneity is
known to exist from batch to batch. In such cases, the population is
stratified to isolate the known sources of nonrandom chemical heterogeneity.
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After stratification, which may occur over space (locations or points in a
batch of waste) and/or time (each batch of waste), the units in each stratum
are numericaily identified, and a simple random samplie is taken from each
stratum. As previously intimated, both simple and stratified random sampling
generate accurate estimates of the chemical properties of a solid waste. The
advantage of stratified random sampiing over simple random sampling is that,
for a given number of samples and a given sample size, the former technigue
often results in a more precise estimate of chemical properties of a waste (a
lower value of sy) than the 1latter technique. However, greater precision is
Tikely to be realized only if a waste exhibits substantial nonrandom chemical
heterogeneity and stratification efficiently “divides” the waste into strata
that exhibit maximum between-strata variability and minimum within-strata
variability. If that does not occur, stratified random sampling can produce
results that are less precise than in the case of simple random sampling.
Therefore, it is reasonable to select stratified random sampling over simple
random sampiing only if the distribution of chemical contaminants in a waste
is sufficiently known to allow an intelligent identification of strata and at
least two or three samples can be collected in each stratum. If a strategy
employing stratified random sampling is selected, a decision must be made
regarding the allocation of sampling effort among strata. When chemical
variation within each stratum can be estimated with a great degree of detail,
samples should be optimally allocated among strata, 1i.e., the number of
samples collected from each stratum should be directly proportional to the
chemical variation encountered in the stratum. When detailed information
concerning chemical variability within strata is not available, samples should
be proportionally allocated among strata, 1.e., sampling effort in each
stratum should be directly proportional to the size of the stratum.

Simple random sampiing and stratified random sampling are types of
probability sampling, which, because of a reliance upon mathematical and
statistical theories, allows an evaluation of the effectiveness of sampling
procedures. Another type of probability sampling is systematic random
sampling, in which the first unit to be collected from & population is
randomly selected, but all subsequent units are taken at fixed space or time
intervals, An example of systematic random sampling 1is the sampling of a
waste lagoon along a transect in which the first sampling point on the
transect is 1 m from a randomly selected location on the shore and subsequent
sampling points are Jlocated at 2-m intervals along the transect. The
advantages of systematic random sampling over simple random sampling and
stratified random sampling are the ease with which samples are identified and
collected (the selection of the first sampling unit determines the remainder
of the units) and, sometimes, an increase in precision. In certain cases, for
example, systematic random sampiing might be expected to be a little more
precise than stratified random sampling with one unit per stratum because
samples are distributed more evenly over the population. As will be
demonstrated shortly, disadvantages of systematic random sampling are the poor
accuracy and precision that can occur when unrecognized trends or cycles occur
in the population. For those reasons, systematic random sampling is recom-
mended only when a population 1is essentially random or contains at most a
modest stratification. In such cases, systematic random sampling would be
employed for the sake of convenience, with little expectation of an increase
in precision over other random sampling techniques.
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Probability sampling is contrasted with authoritative sampling, in which
an individual who is well acquainted with the solid waste to be sampied
selects a sample without regard to randomization. The validity of data
gathered in that manner is totally dependent on the knowiedge of the sampler
and, although valid data can sometimes be obtained, authoritative sampling is
not recommended for the chemical characterization of most wastes.

It may now be useful to offer a generalization regarding the four
sampling strategies that have been identified for solid wastes, If little or
no information is available concerning the distribution of chemical
contaminants of a waste, simple random sampiing is the most appropriate
sampling strategy. As more information is accumulated for the contaminants of
concern, greater consideration can be given (in order of the additional
information required) to stratified random sampling, systematic random
sampling, and, perhaps, authoritative sampling.

The validity of a CI for the true mean (u) concentration of a chemical
contaminant of a solid waste is, as previously noted, based on the assumption
that individual concentrations of the contaminant exhibit a normal
distribution. This is true regardless of the strategy that is employed to
sample the waste. Although there are computational procedures for evaluating
the correctness of the assumption of normality, those procedures are
meaningful only if a large number of samples are collected from a waste.
Because sampling plans for most solid wastes entail just a few samples, one
can do 1ittle more than superficially examine resulting data for obvious
departures from normality (this can be done by simple graphical methods),
keeping in mind that even if individual measurements of a chemical contaminant
of a waste exhibit a considerably abnormal distribution, such abnormality is
not likely to be the case for sample means, which are our primary concern.
One can also compare the mean of the sample (X) with the variance of the
sample (s¢). In a normally distributed population, X would be expected to be
greater than sZ (assuming that the number of samples [n] is reasonably large).
If that is not the case, the chemical contaminant of concern may be

"characterized by a Poisson distribution (X is approximately equal to sZ) or a
neqative binomial distribution (X 1is less than s2). In the former
circumstance, normality can often be achieved by transforming data according
to the square root transformation. In the latter circumstance, normality may
be realized through use of the arcsine transformation. If either
transformation is required, all subsequent statistical evaluations must be
performed on the transformed scale.

Finally, it is necessary to address the appropriate number of samples to
be employed in the chemical characterization of a solid waste. As has already
been emphasized, the appropriate number of samples s the least number of
samples required to generate a sufficiently precise estimate of the true mean
(s) concentration of a chemical contaminant of a waste. From the perspective
of most waste producers, that means the minimal number of samples needed to
demonstrate that the upper limit of the CI for p is less than the applicable
regulatory threshold (RT). The formula for estimating appropriate sampling
effort (Table 9-1, Equation 8) indicates that increased sampling effort is
generally justified as sZ or the "t og" value (probable error rate) increases
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and as A(RT - X) decreases. In_a well-designed sampling plan for a solid |
waste, an effort is made to estimate the values of X and s¢ before sampling 1shl
initiated. Such preiiminary estimates, which may be derived from information =~
pertaining to similar wastes, process engineering data, or limited analytical
studies, are used to identify the approximate number of samples that must be
collected from the waste. It is always prudent to collect a somewhat greater
number of samples than indicated by preliminary estimates of ¥ and s« since
poor preliminary estimates of those statistics can result in an underestimate
of the appropriate number of samples to collect. It is usually possible to
process and store the extra samples appropriately until analysis of the
initially identified samples is compieted and it can be determined if analysis
of the additional samples is warranted.

9.1.1.3 Basic Sampling Strategies

It is now appropriate to present general procedures for implementing the
three previously introduced sampling strategies (simple vandom sampling,
stratified random sampling, and systematic random sampling) and a hypothetical
example of each sampling strategy. The hypothetical examples illustrate the
statistical calculations that must be performed in most situations likely to
be encountered by a waste producer and, also, provide some insight into the
efficiency of the three sampling strategies in meeting regulatory objectives.

The following hypothetical conditions are assumed to exist for all three
sampling strategies. First, barium, which has an RT of 100 ppm as measured in
the EP elutriate test, is the only chemical contaminant of concern. Second,
barium is discharged in particulate form to a waste lagoon and accumulates in
the lagoon in the form of a sludge, which has built up to approximately the
same thickness throughout the lagoon. Third, concentrations of barium are
relatively homogeneous along the vertical gradient (from the water-sludge
interface to the sludge-lagoon interface), suggesting a highly controlled
manufacturing process (little between-batch variation in barium concen-
trations). Fourth, the physical size of sludge samples collected from the
lagoon is as large as practical, and barium concentrations derived from those
samples are normally distributed (note that we do not refer to barium levels
in the samples of sludge because barium measurements are actually made on the
‘eTutriate from EP toxicity tests performed with the samples). Last, a
preliminary study of barium levels in the elutriate of four EP toxicity tests
conducted with sludge collected from the Tlagcon several years ago identified
values of 86 and 90 ppm for material collected near the outfall (in the upper
third) of the lagoon and values of 98 and 104 ppm for material obtained from
the far end (the lower two-thirds) of the lagoon.

For all sampling strategies, it is important to remember that barium will
be determined to be present in the sludge at a hazardous level if the upper

limit of the CI for g is equal to or greater than the RT of 100 ppm (Table 9-
1, Equations 6 and 7).
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9,1.1.3.1 Simple Random Sampling

Simple random sampiing (Box 1) _is performed by general procedures in
which preliminary estimates of X and s2, as well as a knowledge of the RT, for
each chemical contaminant of a solid waste that is of concern are employed to
estimate the appropriate number of samples (n) to be collected from the waste.
That number of samples is subsequently analyzed for each chemical contaminant
of concern. The resulting analytical data are then used to conclude
definitively that each contaminant is or 1is not present in the waste at a
hazardous concentration or, alternatively, to suggest a reiterative process,
involving increased sampling effort, through which the presence or absence of
hazard can be definitively determined.

In the hypothetical exampje for simple random sampling f{Box 1),
preliminary estimates of X and s¢ 1indicated a sampling effort consisting of
six samples. That number of samples was collected and initially analyzed
generating analytical data somewhat different from the preliminary data (s2
was substantially greater than was preliminarily estimated). Consequently,
the upper 1imit of the CI was unexpectedly greater than the applicable RT,
resulting in a tentative conclusion of hazard. However, a reestimation of
appropriate sampling effort, based on statistics derived from the six samples,
suggested that such a -conclusion might be reversed through the collection and
analysis of just one more sample. Fortunately, a resampling effort was not
required because of the foresight of the waste producer in obtaining three
extra samples during the initial sampling effort, which, because of their
influence in decreasing the final values of X, sx, t,20. and, consequently,
the upper limit of the CI -- values obtained from all nine samples -- resulted
in a definitive conclusion of nonhazard.

9.1.1.3.2 Stratified Random Sampling

Stratified random sampiing (Box 2) 1is conducted by general procedures
that are similar to the procedures described for simple random sampling._ The
only difference is that, in stratified random sampling, values of X and sZ are
calculated for each stratum in the population and then integrated into overall
estimates of those statistics, the standard deviation (s), sy, and the
appropriate number of samples {n) for all strata.

The hypothetical example for stratified random sampling (Box 2) is based
on the same nine sludge samples previously identified in the example of simple
random sampling (Box 1) so that the relative efficiencies of the two sampling
strategies can be fully compared. The efficiency generated through the
process of stratification is first evident in the preliminary estimate of
n (Step 2 in Boxes 1 and 2), which is six for simple random sampling and four
for stratified random sampling. (The lesser value for stratified sampling is
the consequence of a dramatic decrease 1in sZ, which more than compensated for
a modest increase in A.) The most relevant indication of sampling efficiency
is the value of sy, which is directly employed to calculate the CI. In the
case of simpls random sampling, sx is calculated as 2.58 (Step 9 in Box 1),
and, for str- .fied random sampling, sx is determined to be 2.35 (Steps 5 and

7 in Box Zj. Consequently, the gain in efficiency attributable to
stratification is approximately 9% (0.23/2.58).
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BOX 1. STRATEGY FOR DETERMINING IF CHEMICAL CONTAMINANTS OF SOLID WASTES
ARE PRESENT AT HAZARDOUS LEVELS - SIMPLE RANDOM SAMPLING

Step General Procedures

1. Obtain preliminary estimates of X and s? for each chemical contaminant of
a solid waste that is of concern. The two above-identified statistics
are calculated by, respectively, Equations 2a and 3a (Table 9-1).

2. Estimate the appropriate number of samples {ny) to be collected from
the waste through use of Equation 8 (Table 9-1} and Table 9-2. Derive
individual values of ny for each chemical contaminant of concern.
The appropriate number of samples to be taken from the waste is the
greatest of the individual nj values.

3. Randomly collect at least ny {or nz - ny, n3 - np, etc., as will be
indicated later in this box) samples from the waste (collection of a
few extra samples will provide protection against poor preliminary
estimates of X and s2). Maximize the physical size (weight or volume) of
all samples that are collected.

4. Analyze the ny (ornp - ny, n3 - ns etc.) samples for each chemical
contaminant of concern. Superficially (graphically) examine each set of
analytical data for obvious departures from normality.

5. Calculate X, s2, the standard deviation {s), and sy for each set of
analytical data by, respectively, Equations 2a, 3a, 4, and 5 (Table 9-1).

6. If X for a chemical contaminant s equal to or greater than the
applicable RT (Equation 7, Table 9-1} and is believed to be an accurate
estimator of s, the contaminant 1is considered to be present in the
waste at a hazardous concentration, and the study 1is completed.
Otherwise, continue the study. In the case of a set of analytical data
that does not exhibit obvious abnormality and for which X is greater than
s, perform the following calculations with nontransformed data.
Otherwise, consider transforming the_ data by the square root
transformation (if X is about equal to s2) or the arcsine transformation
(if X is less than s2) and performing all subsequent calculations with
transformed data. Square root and arcsine transformations are defined
by, respectively, Equations 10 and 11
(Table 9-1).

7. Determine the CI for each chemical contaminant of concern by Equation 6
(Table 9-1) and Table 9-2. If the upper limit of the CI is less than the
applicable RT (Equations 6 and 7, Table 9-1), the chemical contaminant is
not considered to be present 1in the waste at a hazardous concentration

and the study is completed. Otherwise, the opposite conclusion is
tentatively reached.
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If a tentative conclusion of hazard 1is reached, reestimate the total
number of samples (n») to be collected from the waste by use of
Equation 8 (Table 9-1) and Table 9-2. When_deriving no, employ the newly
calculated (not preliminary) values of x and s2, If additional

no - ny samples of waste cannot reasonably be collected, the study is
completed, and a definitive conclusion of hazard is reached. Otherwise,
collect extra ny - nj samples of waste.

Repeat the basic operations described 1in Steps 3 through 8 until the
waste is judged to be nonhazardous or, if the opposite conclusion
continues to be reached, until increased sampling effort is impractical.

Hypothetical Example

The preliminary study of barium levels in the elutriate of four EP
toxicity tests, conducted with sludge collected from the lagoon several
years ago, generated values of 86 and 90 ppm for siudge obtained from
the upper third of the lagoon and values of 98 and 104 ppm for sludge
from the lower two-thirds of the lagoon. Those two sets of values are
not judged to be indicative of nonrandom chemical heterogeneity
(stratification) within the lagoon. Therefore, preliminary estimates of
X and sZ are calculated as:

X = - _ 86 + 90 z 98 + 104 _ 94.50, and (Equation 2a)

Xi)zln

(Equation 3a)

35,916.00 = 35,721.00 _ 45.00.

Based on the preliminary estimates of X and sZ, as well as the knowledge
that the RT for barium is 100 ppm,

2 2
t,ns 2
. .207 . (1.6387)(65.00) . 5 47

n . {(Equation 8)
1 52 5.502

As indicated above, the appropriate number of sludge samples (nj) to be
collected from the lagoon is six. That number of samples (plus three
extra samples for protection against poor preliminary estimates of X and
s¢) is collected from the Tlagoon by a single randomization process
(Figure 9-2). A1l samples consist of the greatest volume of sludge that
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can be practically collected. The three extra samples are suitably
processed and stored for possible later analysis.

The six samples of sludge (ny) designated for immediate analysis
generate the following concentrations of barium in the EP toxicity
test: 89, 90, 87, 96, 93, and 113 ppm. Although the value of 113 ppm
appears unusual as compared with the other data, there is no obvious
indication that the data are not normally distributed.

New values for ¥ and s2 and associated values for the standard deviation
(s) and sy are calculated as:

n
L X

% = 1=; _ 89 + 90 + 87 ; 96 + 93 + 113 _ g4 67  (Equation 2a)
n n
£ X2 - (T Xx,)%m

2 41 1 q=1] .

s° = — (Equation 3a)

. 54,224.00 = 53,770.67 _ g9.67,
§ = IEE = 9,52, and : (Equation 4)
Sy = s/{n = 9.52/{6 = 3.89, (Equation 5)

The new value for X (94.67) is less than the RT (100). In addition, X is
greater (only slightly) than s2 (90.67), and, as previously indicated,
the raw data are not characterized by obvious abnormality. Consequently,
the study is continued, with the following calculations performed with
nontransformed data.

CI=x+ 1 508z = 94.67

1+

(1.476)(3.89) _ (Equation 6)
94.67 + 5.74.

Because the upper limit of the CI (100,41) is greater than the applicable
RT (100), it is tentatively concluded that barium is present in the
sludge at a hazardous concentration, _
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8.

n is now reestimated as:

tzzosz (1.476°) (90.67)
n, = —= : . = 6.95. (Equation 8)
Z 52 5.33%

The value for np (approximately 7) indicates that an additional
(no - ny = 1) sfudge sampie should be collected from the lagoon.

The additional sampling effort is not necessary because of the three
extra samples that were initially collected from the lagoon. All extra
samples are analyzed, generating the following Tlevels of barium for the
EP toxicity test: 93, 90, and 91 ppm. Consequently, X, sZ, the stan-
dard deviation (s), and sy are recalculated as:

n
£ X
R L an t N _ 9356 , (Equation 2a)
n n
L X2 - (2 x,)%m
S2 _ i=1 j=1 :
n -1 (Equation 3a)
. 19.254.00 - T8,173.78 _ 4.3,
s = I;§= 7.75, and (Equation 4)
Sy = s/In = 7.75/{9 = 2.58. (Equation 5)

The value for X (93.56) is again less than the RT (100), and there is no
indication that the nine data points, considered collectively, are
abnormally distributed (in particular, X 1is now substantiaily greater

than s2). Consequently, CI, calculated with nontransformed data, is
determined to be: '

CI=X+t

H

93.56

14

20%% (1.397) (2.58) (Equation 6)

93.56 + 3.60.

i}

The upper limit of the CI (97.16) 1is now less than the RT of 100.
Consequently, it is definitively concluded that barium is not present in
the sludge at a hazardous level.
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BOX 2. STRATEGY FOR DETERMINING IF CHEMICAL CONTAMINANTS OF SOLID WASTES

ARE PRESENT AT HAZARDOUS LEVELS - STRATIFIED RANDOM SAMPLING

Step General Procedures

1.

Obtain preliminary estimates of X and s for each chemical contaminant of
a solid waste that is of concern, The two above-identified statistics
are calculated by, respectively, Equations 2b and 3b (Table 9-1).

Estimate the appropriate number of samples {nj) to be collected from
the waste through use of Equation 8 (Table 9—1} and Table 9-2. Derive
individual values of n3 for each chemical contaminant of concern.
The appropriate number of samples to be taken from the waste is the
greatest of the individual ny values,

Randomly collect at least ny {or nz - ni, n3 - np, etc., as will be
indicated later in this bhox) samples from the waste (co]]ect1on of a
few extra samples will provide protection against poor pre11m1nary
estimates of X and s2). If sk for each stratum (see Equation 3b) is
believed to be an accurate estimate, optimaliy allocate samples among
strata (i.e., allocate samples among strata so that the number of samples
collected from each stratum is directly proportional to sy for that
stratum). Otherwise, proportionally allocate sampies among strata
according to size of the strata. Maximize the physical size (weight or
volume) of all samples that are collected from the strata.

Analyze the ny (or n2 - n1, n3 - n2 etc.) samples for each chemical
contaminant of concern. Superficially (graphically) examine each set of
analytical data from each stratum for obvious departures from normality.

Calculate X, s7, the standard deviation (s), and sy for each set of
analytical data by, respectively, Equations 2b, 3b, 4, and 5 (Table 9-1).

If X for a chemical contaminant is equal to or greater than the
applicable RT (Equation 7, Table 9-1) and 1is believed to be an accurate
estimator of u, the contaminant is considered to be present in the
waste at a hazardous concentration, and the study is completed.
Otherwise, continue the study. In the case of a set of analytical data
that does not exhibit obvious abnormality and for which X is greater than
s¢, perform the following calculations with nontransformed data.
Otherwise, consider transform1ng the data by the square root transfor-
mation (1f R is about equal to sZ) or the arcsine transformation (if X is
less than sZ) and performing all subsequent calculations with transformed
data. Square root and arcsine transformations are defined by,
respectively, Equations 10 and 11 (Table 9-1).

Determine the CI for each chemical contaminant of concern by Equation 6
(Table 9-1) and Table 9-2. If the upper limit of the CI is less than the
appiicable RT (Equations 6 and 7, Table 9-1), the chemical contaminant is
not considered to be present in the waste at a hazardous concentration,
and the study 1is completed. Otherwise, the opposite conclusion is
tentatively reached.
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If a tentative conclusion of hazard is reached, reestimate the total
number of samples (np) to be collected from the waste by use of
Equation 8 (Tabie 9-1) and Table 9-2. When deriving nz, employ the newly
calcuiated (not preliminary) values of X and s2. If additional

ny - ny samples of waste cannot reasonably be collected, the study is
completed, and a definitive conclusion of hazard is reached. Otherwise,
collect extra np - ny samples of waste.

Repeat the basic operations described in steps 3 through 8 until the
waste is judged to be nonhazardous or, if the opposite conclusion
continues to be reached, until increased sampling effort is impractical.

Hypothetical Example

The preliminary study of barium levels in the elutriate of four EP
toxicity tests, conducted with sludge collected from the lagoon several
years ago, generated values of 86 and 90 ppm for sludge obtained from
the upper third of the lagoon and values of 98 and 104 ppm for sludge
from the lower two-thirds of the lagoon. Those two sets of values are
not judged to be indicative of nonrandom chemical heterogeneity
(stratification) within the lagoon. Therefore, preliminary estimates of
X and s€ are calculated as:

r

X= L WX = (1)(§8.oo) + (2)“21'001 - 96.67, and  (Equation 2b)
k=1
i

s = I wps? = 1168.00 , [2(18-00) . 4y 47, (Equation 3b)

Based on the preliminary estimates of X and s2, as well as the knowledge
that the RT for barium is 100 ppm,
2

s2 2
20  (1.3687)(14.67) _ 3.55
2 2 ToTee
& 3.33

ny (Equation 8)

As indicated above, the appropriate number of sludge samples (ny)} to be
collected from the lagoon is four. However, for purposes of comparison
with simple random sampling (Box 1), six samples ({plus three extra
samples for protection against poor preliminary estimates of X and s2)
are collected from the Tlagoon by a two-stage randomization process
(Figure 2). Because sy for the upper (2.12 ppm) and lower (5.66 ppm)
strata are not believed to be very accurate estimates, the nine samples
to be collected from the Tlagoon are not optimally allocated between the
two strata (optimum allocation would require two and seven samples to be
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collected from the upper and lower strata, respectively). Alternatively,
proportional allocation is employed: three sampies are collected from
the upper stratum (which represents one-third of the lagoon), and six
samples are taken from the lower stratum (two-thirds of the lagoon). All
samples consist of the greatest volume of sludge that can be practically
collected.

The nine samples of sludge generate the following concentrations of
barium in the EP toxicity test: upper stratum -- 89, 90, and 87 ppm;
lower stratum -- 96, 93, 113, 93, 90, and 91 ppm. Although the value of
113 ppm appears unusual as compared with the other data for the lower
stratum, there is no obvious indication that the data are not normally

distributed.

New values for X and s2 and associated values for the standard deviation
(s) and sy are calculated as:

- _

X= L wkik = (1)(28‘67) + (2)(93‘00) = 93,56, (Equation 2b)
k=1

r .

32 = L wksi = (1)(§'33) + (2)(23'60) = 49,84, (Equation 3b)
k=1

s = IEE = 7,06, and | (Equation 4)

Sg = s/{n = 7.06/79 = 2.35. (Equation 5)

The new value for X (93.56) is less than the RT (100). In addition, X is
greater than s2 (49,84), and, as previously indicated, the raw data are
not characterized by obvious abnormality. Consequently, the study is
continued, with the following calculations performed with nontransformed
data.

CI=Xx+t 20S% = 9356 # (1.397)(2.35) (Equation 6)

= 93,56 + 3.28

The upper limit of the CI (96.84) 1is less than the app]icab]e'RT (100).
Therefore, it is conciuded that barium is not present in the sludge at a
hazardous concentration.

NINE - 20
Revision _ 0
Date September 1986




9.1.1.3.3 Systematic Random Sampling

Systematic random sampling {Box 3} is implemented by general procedures
that are identical to the procedures identified for simpie random sampling.
The hypothetical example for systematic random sampiing (Box 3} demonstrates
the bias and imprecision that are associated with that type of sampling when
unrecognized trends or cycles exist in the population.

9.1.1.4 Special Considerations

The preceding discussion has addressed the major issues that are critical
to the development of a reliable sampling strategy for a solid waste. The
remaining discussion focuses on several “secondary" issues that should be
considered when designing an appropriate sampling strategy. These secondary

issues are applicable to all three of the basic sampling strategies that have
been identified.

9.1.1.4.1 Composite Sampling

In composite sampiing, a number of random samples are initially collected
from a waste and combined into a single sampie, which is then analyzed for the
chemical contaminants of concern. The major disadvantage of composite
sampling, as compared with noncomposite sampling, is that information
concerning the chemical contaminants 1is Tlost, i.e., each 1initial set of
samplies generates only a single estimate of the concentration of each
contaminant. Consequently, because the number of analytical measurements (n)
is small, sy and t g9 are Jlarge, thus decreasing the 1likelihood that a
contaminant will be judged to occur in the waste at a nonhazardous level
(refer to appropriate equations in Table 9-1 and to Table 9-2). A remedy to
that situation 1is to collect and analyze a relatively large number of
composite samples, thereby offsetting the savings in analytical costs that are
often associated with composite sampling, but achieving better representation
of the waste than would occur with noncomposite sampling.

The appropriate number of composite samples to be collected from a solid
waste is estimated by use of Equation 8 (Table 9-1), as previously described
for the three basic sampling strategies. In comparison with noncomposite
sampling, composite sampling may have the effect of minimizing between-sample
variation (the same phenomenon that occurs when the physical size of a sample

is maximized), thereby reducing somewhat the number of samples that must be
collected from the waste.

9.1.1.4.2 Subsampling

The variance (s€) associated with a chemical contaminant of a waste
consists of two components in that:

2
2 _ 2 Sa, .
s o= sg v — (Equation 12)
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BOX 3. STRATEGY FOR DETERMINING IF CHEMICAL CONTAMINANTS OF SOLID WASTES

ARE PRESENT AT HAZARDOUS LEVELS - SYSTEMATIC RANDOM SAMPLING

Step General Procedures
1. Follow general procedures presented for simpie random sampliing of solid |

wastes (Box 1).

Step Hypothetical Exampie
‘1. The example presented in Box 1 s appliicable to systematic random

sampling, with the understanding that the nine sludge samples obtained
from the lagoon would be collected at equal intervals along a transect
running from a randomly selected Tlocation on one bank of the lagoon to
the opposite bank. If that randomly selected transect were established
between Units 1 and 409 of the sampling grid (Figure 9-2) and sampling
were performed at Unit 1 and thereafter at three-unit intervals along the
transect (i.e., Unit 1, Unit 52, Unit 103, ... , and Unit 409), it is
apparent that only two samples would be collected in the upper third of
the lagoon, whereas seven samples would be obtained from the lower
two-thirds of the lagoon. If, as suggested by the barium concentrations
illustrated in Figure 9-2, the lower part of the lagoon is characterized
by greater and more variable barium contamination than the upper part of
the lagoon, systematic random sampling along the above-identified
transect, by placing undue (disproportionate) emphasis on the lower part
of the 1lagoon, might be expected to result in an inaccurate
(overestimated) and imprecise characterization of barium levels in the
whole Tlagoon, as compared with either simple random sampling or
stratified random sampling. Such inaccuracy and imprecision, which are
typical of systematic random sampling when unrecognized trends or cycles
occur in the poputation, would be magnified if, for example, the randomly
selected transect were established solely in the lower part of the
lagoon, e.g., between Units 239 and 255 of the sampling grid.
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where s& = a component attributable to sampling (sample) variation, s§ = a
component attributable to analytical (subsampie) variation, and m = number of
subsampies. In general, s§ should not be allowed to exceed one-ninth of s§.
If a preliminary study indicates that s¢ exceeds that threshold, a sampling

strategy involving subsampling should be considered. In such a strategy, a
number of replicate measurements are randomly made on a relatively limited
number of randomly collected samples. Consequently, analytical effort is

allocated as a function of analytical variability. The efficiency of that
general strategy in meeting regulatory objectives has already been
demonstrated in the previous discussions of sampling effort.

The appropriate number of samples (n} to be collected from a solid waste
for which subsampling will be employed is again estimated by Equation 8
(Table 9-1), In the case of simple random sampling or systematic random
sampling with an equal number of subsamples analyzed per sample:

Xq /M (Equation 13)

where X; = sample mean (calculated from vaiues for subsamples) and n = number
of samples. Also,

§¢ = — (Equation 14)

The optimum number of subsamples to be taken from each sample (mopt,) is
estimated as:

%]
=}

m = —= (Equation 15)
(opt.) S

when cost factors are not considered. The value for sz is calculated from
availablie data as:

n m
t L x?- - (E xi.)zlm
i=1 j=1 ' J

5, = RO ' {Equation 16)

and Ses which can have a negative characteristic, is defined as:

' (Equation 17)
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with sp» calculated as indicated in Equation 14.

In the case of stratified random sampling with subsampling, critical
formulas for estimating sample size (n) by Equation 8 (Table 9-1) include:

r
X = L wkik, ' (Equation 2b)
k=1

where Xg = stratum mean and Wk = fraction of population represented by Stratum
K (number of strata, k, ranges from 1 to r). In Equation 2b, Xy for each
stratum is calculated as the average of all sample means in the stratum
(sample means are calculated from values for subsamples). In addition, s is
calculated by: :

.
2 LW
k=1

with szk for each stratum calculated from all sample means in the stratum.
The optimum subsampling effort when cost factors are not considered and all
repliication is symmetrical is again estimated as:

s ksﬁ . (Equation 3b)

s

M(opt.) ~ Ef ¢ With (Equation 15)
r nom
£ L L X2 - (CX)%m

k=1 i=1 §=1 K ki
a T rn (m - 1) v and (Equation 18)
S2
el (Equation 17)
5 m quation

with s2 derived as shown in Equation 3b.

9.1.1.5 Cost and Loss Functions

The cost of chemically characterizing a waste is dependent on the
specific strategy that is employed to sample the waste. For example, in the

case of simple random sampling without subsampling, a reasonable cost function
might be:

C(n) = Cp + Gy, (Equation 19)
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where C(p) = cost of employing a sample size of n, Cg = an overhead cost
(which 1s’ independent of the number of samples that are collected and
analyzed), and Cq = a sample-dependent cost. A consideration of C(n) mandates
an evaluation of L(p). which is the sample-size-dependent expecteg financial
loss related to the erroneous conclusion that a waste is hazardous. A simpie
loss function is:

aSZ

L(n) = == {Equation 20)

with a = a constant related to the _cost of a waste management program if the
waste is judged to be hazardous, s2 = sample variance, and n = number of
samples. A primary objective of any sampling strategy is to minimize

an) + L(n). Differentiation of Equations 19 and 20 indicates that the number
of samples’ (n) that minimize C(p) + L{n) 1s:

n = B (Equation 21)

As is evident from Equation 21, a comparatively large number of samples (n)

is justified if the value of & or s s large, whereas a relatively small
number of samples is appropriate if the value of €1 is large. These general
conclusions are valid for any sampling strategy for a solid waste.

9,2 IMPLEMENTATION

This section discusses the impiementation of a sawpling plan for the
collection of a "solid waste,” as defined by Section 261.2 of the Resource
Conservation and Recovery Act (RCRA) regulations. Due to the uniqueness of
each sampling effort, the following discussion 1is 1in the general form of
guidance which, when applied fo each sampiing effort, should improve and
document the quality of the sampling and the representativeness of samples.

The following subsections address elements of a sampling effort in a
logical order, from defining objectives through compositing samples prior to
analysis.

9.2.1 Definition 0f Objectives

After verifying the need for sampling, those personnel directing the
sampling effort should define the program's objectives. The need for a
sampling effort should not be confused with the objective. When management, a
regulation, or a regulatory agency requires sampling, the need for sampling is
established but the objectives must be defined.
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The primary objective of any waste sampling effort is to obtain
information that can be used to evaluate a waste. It is essential that the
specific information needed and its uses are defined in detail at this stage.
The information needed is usually more complex than just a concentration of a
specified parameter; it may be further qualified (e.g., by sampling Tocation
or sampling time.) The manner in which the information is to be used can aiso
have a substantial impact on the design of a sampling plan. (Are the data to
be used in a qualitative or quantitative manner? If gquantitative, what are
the accuracy and precision requirements?)

A1l pertinent information shouid be gathered. For example, if the
primary objective has been roughly defined as ‘"collecting samples of waste
which will be analyzed to comply with environmental regulations," then ask the
following questions:

1., The sampling is being done to comply with which evironmental
regulation? Certain reguiations detail specific or minimum
protocols (e.g., exclusion petitions as defined in ?260.22 of the
RCRA regulations); the sampling effort must comply with these
regulatory regquirements.

2. The collected samples are to be analyzed for which parameters? Why
those and not others? Should the samples be analyzed for more or
fewer parameters? ‘

3. What waste is to be sampled: the waste as generated? the waste
prior to or after mixing with other wastes or stabilizing agents?
the waste after aging or drying or Jjust prior to disposal? Should

waste disposed of 10 years ago be sampled to acquire historical
data?

4. What is the end-use of the generated data base? What are the
required degrees of accuracy and precision?

By asking such questions, both the primary objective and specific
sampling, analytical, and data objectives can be established.

Two sampling efforts could have identical primary objectives but
different specific objectives. For example, consider two situations in which
the primary objective is to determine if the concentration of barium is less
than the regulatory threshold of 100 ppm. The specific objectives will vary
and have a substantial effect on sampling. (This situation is presented
graphically in Figures 9-3 and 9-4.) In Figure 9-3, under the assumption that
the true distribution of barium concentrations throughout the waste of
interest is as shown, Tlimited information has dindicated that the average
concentration is approximately 50 ppm. In Figure 9-4, assume that historical
data indicated an average concentration of 90 ppm and the true distribution of
barium concentrations is as shown. Therefore, the specific data objective for
the latter case is to generate a data base that can discriminate between 90
and 100 ppm, whereas in the former case the data objective is to discriminate
between 50 and 100 ppm. Greater accuracy and precision are required to
discriminate between 90 and 100 ppm; this fact will affect the number, size,
and degree of compositing of samples collected and analyzed.
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The form in Figure 9-5 can be used to document primary and specific
objectives prior to development of a sampiing plan. Once the objectives of a
sampling effort are developed, it is important to adhere to them to ensure
that the program maintains its direction.

9.2.2 Sampling Plan Considerations

The sampling plan is wusually a written document that describes the
objectives and details the individual tasks of a sampling effort and how they
will be performed. (Under unusual circumstances, time may not allow for the
sampling plan to be documented in writing, e.g., sampling during an emergency
spill. When operating under these conditions, it is essential that the person
directing the sampling effort be aware of the various elements of a sampling
plan.) The more detailed the sampling plan, the less the opportunity for
oversight or misunderstanding during sampling, analysis, and data treatment.

To ensure that the sampling plan is designed properly, it is wise to have
all aspects of the effort represented. Those designing the sampling plan
should include the following personnel:

1. An end-user of the data, who will be wusing the data to attain
program objectives and thus would be best prepared to ensure that
the data objectives are understood and incorporated into the
sampling plan.

2. An experienced member of the field team who will actually collect
samples, who can offer hands-on 1insight into potential problems and
solutions, and who, having acquired a comprehensive understanding of
the entire sampling effort during the design phase, will be better
prepared to implement the sampling plan.

3.  An anaiytical chemist, because the analytical requirements for
sampling, preservation, and holding times will be factors around

’ which the sampling plan will be written. A sampling effort cannot
succeed if an improperly collected or preserved sampie or an
inadequate volume of sample is submitted to the laboratory for
chemical, physical, or biological testing. The appropriate
analytical chemist should be consuited on these matters.

4.  An engineer should be involved if a complex manufacturing process is
being sampled. Representation of the appropriate engineering
discipline will allow for the optimization of sampling locations and
safety during sampling and should ensure that all waste-stream
variations are accounted for.

5. A statistician, who will review the sampling approach and verify
that the resulting data will be suitable for any required
statistical calculations or decisions.

6. A quality assurance representative, who will review the
applicability of standard operating procedures and determine the
number of blanks, duplicates, spike samples, and other steps
gequired to document the accuracy and precision of the resulting

ata base.
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Sampling Site:

Address:

Description of Waste to be Sampled:

Primary Objective:

Specific Sampling Objectives:

Specific Analysis Objectives:

Specific Data Objectives:

Figure 9-5. Form for Documenting Primery and Specific Objectives
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At least one person should be familiar with the site to be sampled. If
not, then a presampiing site visit should be arranged to acquire site-specific
information. If no one is familiar with the site and a presampling site visit
cannot be arranged, then the sampling plan must be written so that 1t can
address contingencies that may occur..

Even in those cases in which a detailed sampling plan is authored and a
comprehensive knowledge of the site exists, it is unusual for a sampling plan
to be implemented exactly as written. Waste-stream changes, inappropriate
weather, sampling equipment failure, and problems in gaining access to the
waste are some reasons why a sampiing plan must be altered. Thus it is always
necessary to have at least one experienced sampler as a member of a sampling
team.

The sampling plan should address the considerations discussed below.
9.2.2.1 Statistics

A discussion of waste sampling often leads to a discussion of statistics.
The goals of waste sampling and statistics are 1{dentical, 1i.e., to make
inferences about a parent population based upon the information contained in a
sample,

Thus it is not surprising that waste sampling relies heavily upon the
‘highly developed science of statistics and that a sampling/analytical effort
~usually contains the same elements as does a statistical experiment.
Analogously, the Harris pollster collects opinions from randomly chosen
people, whereas environmental scientists collect waste at randomly chosen
locations or times. The pollster analyzes the information into a useable data
base; laboratories analyze waste samples and generate data. Then the unbiased
data base is used to draw inferences about the entire population, which for
the Harris pollster may be the voting population of a large city, whereas for
the environmental scientist the population may mean the entire contents of a
landfiil.

During the implementation of a waste sampling plan or a statistical
experiment, an effort is made to minimize the possibility of drawing fncorrect
inferences by obtaining samples that are representative of a population. In
fact, the term "representative sample" is commonly used to denote a sample
that (1) has the properties and chemical composition of the population from
which it was collected, and (2) has them in the same average proportions as
are found in the population.

In regard to waste sampling, the term “representative sample" can be
misleading unless one 1is dealing with a homogeneous waste from which one
sample can represent the whole population. In most cases, it would be best to
consider a "representative data base" generated by the collection and analysis
of more than one sample that defines the average properties or composition of
the waste. A "representative data base” 1is a more realistic term because the
evaluation of most wastes requires numerous samples to determine the average
properties or concentrations of parameters in a waste. (The additional
samples needed to generate a representative data base can also be used to

determine the variability of these properties or concentrations throughout the
waste population.)
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Statisticians have developed a number of strategies to obtain sampies
that are unbiased and collectively representative of a population. A detailed
discussion of these strategies is presented in Section 9.1 of this chapter,
The following discussion of statistical considerations is a less technical
summary of these strategies. It was written to complement Section 9.1 and
will be most useful after Section 9.1 is read and studied.

Section 9.1 describes three basic sampling strategies: simpie random,
stratified random, and systematic random sampling. It should be noted that
the word random has more than one meaning. When used in statistical
discussions, it does not mean haphazard; it means that every part of a waste
has a theoretically equal chance of being sampled. Random sampling, which
entails detailed planning and painstaking implementation, 1is distinctly
different from haphazard sampling, which may introduce bias into the
collection of samples and the resulting data.

Systematic random sampling and authoritative sampling strategies require
a substantial knowledge of the waste to ensure that: (1) a cycle or trend in
waste composition does not coincide with the sampling locations; or (2) in the
case of authoritative sampling, all or most of the assumptions regarding waste
composition or generation are true. Because the variabilities of waste
composition and the waste generation process are often unknown, systematic

random and authoritative sampling strategies are usually not applicabie to
waste evaluation. '

Therefore, for waste sampling, the usual options are simpie or stratified
random sampling. Of these two strategies, simple random sampling is the
option of choice unless: (1) there are known distinct strata (divisions) in
the waste over time or in space; (2) one wants to prove or disprove that there
are distinct time and/or space strata in the waste of interest; or (3) one is
collecting a minimum number of samples and desives to minimize the size of a
hot spot (area of high concentration) that could go unsampled. If any of
these three conditions exists, it may be determined that stratified random

sampling would be the optimum strategy. To explain how these strategies can
be employed, a few examplies follow:

Example 1: Simpie Random Sampling of Tanks

A batch manufacturing process had been generating a liquid waste over a
period of years and storing it in a large open-top tank. As this tank
approached capacity, some of the waste was allowed to overflow to a smaller

enclosed tank. This smaller tank allowed for limited access through an
inspection port on its top.

Because the on-site tank storage was approaching capacity, 1t was
determined that the waste would have to be disposed of off-site.

The operators of the facility had determined that the waste was
a nonhazardous solid waste when the RCRA regulations were first promuigated.
However, upon recent passage of more stringent state reguiations and concerns

of potentiai liability, the operators determined that they should perform a
more comprehensive analysis of the waste.
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Because the waste was generated in a batch mode over a period of years,
the operators were concerned that the waste composition might have varied
between batches and that stratification might have occurred in the tank at
unknown and random depths. Based on their knowledge, the operators knew that
a grab sample would not suffice and that a sampling program would have to be
designed to address the heterogeneity of the waste.

Because the operators intended to dispose of the entire contents of the
tank and lacked any specific information regarding stratification and
variability of the waste, it was decided that a simple random strategy would
be empioyed. (If the operators had treated portions of the waste differently
or had been aware of distinct strata, then stratified random sampling might
have been more appropriate.)

The large, unenclosed tank had a diameter of 50 ft, a height of 20 ft,
and an approximate volume of 295,000 gal allowed. It was encircled and
traversed by catwalks (refer to Figure 9-6), which allowed access to the
entire waste surface. The smaller tank had a diameter of 10 ft, a height of
10 ft, and an approximate volume of 6,000 gal; an inspection port located on
the top allowed 1limited access. It was determined that the different
construction of the two tanks would require different simple random sampling
approaches.

In the case of the 1large tank, it was decided that vertical composite
samples would be <collected because the operators were interested in the
average composition and variability of the waste and not in determining if
different vertical strata existed. It was decided to select points randomly
along the circumference (157 ft) and along the radius (25 ft). These numbers,
which would constitute the coordinates of the sampling locations, were chosen
from a random-number table by indiscriminately choosing a page and then a
column on that page. The circumference coordinates were then chosen by
proceeding down the column and listing the first 15 numbers that are greater
than or equal to 0, but less than or equal to 157. The radius coordinates
were chosen by continuing down the column and 1listing the first 15 numbers
that are greater than or equal to 0, but Tess than or equal to 25. These
numbers were paired to form the coordinates that determined the location of
the 15 randomly chosen sampiing points. These coordinates were recorded in
the field notebook (refer to Table 9-3). Because no precision data on waste
composition existed prior to sampling, the number of samples (15) was chosen
as a conservative figure to more than allow for a sound statistical decision.

The actual samples were collected by employing a sampling device, which
was constructed on site from available materiais, and a weighted bottle. This
device, which was used to access more remote areas of the tank, consisted of a
weighted bottle, a rope marked off at 1-ft increments, and a discarded spool
that originally contained electrical wire (refer to Figure 9-7).

Samples were collected by a three-person team. The person controlling
the weighted bottle walked to the first circumference coordinate (149 ft),
while the two persons holding the ropes attached to the spool walked along
opposing catwalks toward the center of the tank. The person controlling the
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TABLE 9-3. RANDOM COORDINATES FOR 295,000-GAL TANK

Sampiing point Circumference Radius
1 149 4
2 86 22
3 94 13
4 99 0
5 23 10
6 58 2
7 52 22
8 104 16
9 23 25

10 51 4
11 77 14
12 12 5
13 151 15
14 83 23
15 99 18
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Figure 8-7. Device used to collect sample from the open tank.
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weighted bottle measured off the radius coordinate (4 ft). The spool was then
centered in the quadrant, the weighted bottle was Towered to the surface, and
a sample was coilected from the first 2 ft of waste. This sample was then
transferred inte a large, labeled sample container, which was used for
compositing. This same process was repeated nine more times at the same
location at different 2-ft depth intervals, resulting in the collection of a
total of 10 component depth samples that were compiled in the field into one
sample for that sampling point. This process was repeated at the remaining 14
sampling points, resulting in the collection of 15 vertical composite samples.
These vertical composite sampies were taken to address any vertical
stratification that may have occurred.

"The samples were properly preserved and stored, chain-of-custody
procedures were compieted, and the samples were submitted to the laboratory.
A cost/benefit decision was made to composite aliquots of the samples into
five composite samples that were submitted for analysis. (Following analysis,
Equation 8 of Section 9.1 of this chapter was empioyed to determine if enough
samples were analyzed to make a statistically sound decision. If the number
of samples analyzed was not sufficient, then the samples would be recomposited
to a Tesser degree or analyzed individually.)

Because there was no information to prove that the waste in the smaller
tank was the same as that in the larger tank, the operators decided that the
smalier tank must also be sampled. The different construction of the smaller,
enclosed tank mandated that a different sampling plan be designed. The only
access to the tank was through a small inspection port on the top of the tank.
This port wouid allow sampling only of a small portion of the tank contents;
thus, to make a decision on the entire contents of the tank, one would have to
assume that the waste in the vicinity of the inspection port was
representative of the remainder of the tank contents. The operators were not
willing to make this assumption because they determined that the liability of
an incorrect decision overrode the convenience of facilitating the sampling
effort.

To randomly sample the entire contents of the tank, a different plan was
designed. This plan exploited the relatively small volume (approximately
6,000 gal) of the tank. A decision was made to rent two tank trucks and to
sample the waste randomly over time as it drained from the tank into the tank
trucks.

It was calculated that at a rate of 20 gal/min, it would take 300 min to
drain the tank. From the random-number tables, 15 numbers that were greater
than or equal to 0, but less than -or equal to 300, were chosen in a manner
similar to that employed for the Targer tank. These numbers were recorded in
the field notebook (refer to Table 9-4} at the time that they were encountered
in the random-number table and were then assigned sampling point numbers
according to their chronoiogical order.

The 15 samples were collected at the previously chosen random times as
the waste exited from a drainage hose into the tank trucks. These samples
were collected in separate labeled containers, properiy preserved and stored;
chain-of-custody procedures were employed for transferral of the samples to
the laboratory.
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TABLE 9-4. RANDOM TIMES FOR 6,000-GAL TANK

Sampiing point Time (min)
11 153
id 122
8 85
6 55
5 46
i5 294
12 195
1 5
13 213
G g9
2 29
4 41
7 74
3 31
i4 219
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The above example employed simple random sampling to determine the
average composition and variance of the waste contained in the two tanks. The
" contents of the large tank were sampled randomiy 1in space, whereas the
contents of the smaller tank were sampled randomly over time.

The following example will involve the use of stratified random sampling,
which is used when: (1) distinct strata are known to exist or (2) it is not
known whether different strata exist, but an objective of the sampling effort
is to discover the existence or nonexistence of strata.

A variation of this second reason for employing stratified random
sampling is when cost considerations limit the number of sampies that can be
collected {e.g., when the budget allows for the collection of only six samples
in a 40-acre lagoon). In this situation, where 1little is known about the
composition of the waste, a concern exists that an area of the lagoon may be
highly contaminated and yet may not be sampled. The smailer the number of
samples, the greater the probability that an area of high contamination (a
distinct stratum) could be missed, and the greater the probability that the
sampling accuracy will suffer. Under such circumstances, a sampling plan may
employ stratified random sampling to minimize the size of a highly
contaminated area that could go unsampled. '

For example, consider the situation where the budget ailows only for the
collection of six samples in a 40-acre lagoon. If simple random sampiing is
employed with such a small number of samples, there is a certain probability
that large areas of the lagoon may go unsampied. One approach to minimizing
the size of areas that may go unsampied is to divide the lagoon into three
strata of equal size and randomly sample each stratum separately. This
approach decreases the size of an area that can go unsampled to something less
than one-third of the total lagoon area.

The following example details more traditional applications of stratified
random sampling.

Example 2: Stratified Random Sampling of Effluents and Lagoons

A pigment manufacturing process has been generating wastes over a number
of years. The pigment 1is generated 1in Tlarge batches that involve a 24-hr
cycle. During the first 16 hr of the cycle, an aqueous sludge stream is
discharged, This waste contains a high percentage of large-sized black
particulate matter. The waste generated during the remaining 8 hr of the
manufacturing cycle is an aqueous-based white sludge that consists of much
smaller-sized particles than those found in the sludge generated in the first
16 hr of the batch process. This waste has been disposed of over the years
into a 40-acre settling lagoon, allowing the particulate matter to settle out
of solution while the water phase drains to an NPDES outfall at the opposite
end of the lagoon. The smaller white pigment particles released in the last 8
hr of the batch process settle more slowly than the much larger black
particles generated in the previous 16 hr, This settling pattern is quite
apparent from the distinct colors of the wastes. The sludge in the quadrant
closest to the waste influent pipe is black; the next quadrant is a light gray
color, resulting from settling of both waste streams. The last two guadrants

contain a pure white sludge, resulting from the settling of the small pigment
particles.
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 Eventually, the facility operators decided that the settled particulate
matter had to be removed to keep the settling Tlagoon functioning. In the
past, this residual lagoon waste was found to be a hazardous waste due to its
leachable barium content. Further studies determined that the source of the

barium was a certain raw material that was released during the first 16 hr of
batch process.

To minimize present disposal costs, the operators wanted to determine if
the white sludge in the last two quadrants and the light gray waste were
nonhazardous. Also, the operators had recently changed raw materials, with
the intention of removing the source of barium in an attempt to minimize
future disposal costs. Thus, the operators were interested in determining
whether the currently generated waste was hazardous. If the altered waste
stream was not hazardous, future lagoon sludge could be disposed of more
economically as a solid waste. If the waste generated during the first 16 hr
of the process remained hazardous but the waste generated during the following
8 hr was nonhazardous, the operators were willing to shift this latter waste
to a second lagoon reserved for nonhazardous wastes. By sequestering the
waste streams in this manner, the operators intended to decrease the amount of

hazardous waste by precluding generation of additional amounts of hazardous
waste under the "mixture rule.”

To decide how the lagoon sludge shouid be handled, the operators arranged
to have the Tagoon sludge sampled. The objectives of sampiing the lagoon
sludge were to determine the average concentration and variance of leachable

barium for the sludge in the entire lagoon and for each of the different
s ludges.

The dimensions of the 40-acre square lagoon were calculated to be
1,320 ft on a side, with the black and the gray sludge each covering a
quadrant measuring 1,320 ft by 330 ft, and the white sludge covering the
remaining area of the lagoon, which measured 1,320 ft by 660 ft (refer to
Figure 9-8). The sludge had settled to a uniform thickness throughout the
Yagoon and was covered with 2 ft of water.

Because the leachable barium was assumed to be associated with the black
sludge, which was concentrated in the first quadrant, a stratified random
sampling approach was chosen. (Because of the obvious strata in the lagoon
sludge, the stratified sampling strategy was expected to give a more precise
estimate of the leachable barium, in addition to giving information specific
to each stratum.) :

When the actual sampling was being planned, it was decided that the
hazards presented by the lagoon waste were minimal, and, that if proper
precautions were employed, a stable and unsinkable boat could be used to
collect samples. The samples were collected with a core sampler at random
locations throughout each stratum. Because the cost of collecting samples was
reasonable and no historical data were available to help determine the optimum
number of samples, the operators decided to collect a total of 10 samples from
“each of the smaller strata and a total of 20 samples from the larger strata.

They had confidence that this number of samples would allow them to detect a
small significant difference between the mean concentration of leachable
barium and the applicable regulatory threshold.
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Figure 9-8. Schematic of the 40-acre settling lagoon displaying strata
generated by a waste stream.
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The locations of the random sampling points were determined by selecting
length and width coordinates from a random-number table. This was done by
indiscriminately choosing a page from the random-number tables and then a
column on that page. The width coordinates of the two smaller guadrants were
then chosen by proceeding down the column and Tlisting the first 20 numbers
that were greater than or equal to 0, but Tless than or equal to 330. The
width coordinate for the third and largest stratum was chosen by proceeding
down the column and selecting the first 20 numbers that were greater than or
equal to 0, but less than or equal to 660. Because the lengths of the three
quadrants were all 1,320 ft, the length coordinates were chosen by listing the
first 40 numbers that were greater than or equal to O but less than or equal

to 1,320. These coordinates were recorded in the field notebook (refer to
nable 9-5).

The samples were collected by a four-person team. Two people remained
onshore while two maneuvered the boat and collected the samples. The first
sample in the first quadrant was collected by launching the boat at a distance
of 41 ft from the corner, which was designated the origin, 0 ft. The boat
proceeded out into the lagoon perpendicular to the long side of the quadrant.
The person onshore released 134 ft of & measured rope, which aliowed the boat
to stop at the first sampling point (41, 134). The sample was then collected
with a core sampler and transferred to a sample container. This process was
repeated for all sampiing points in the three strata. The samples were
properiy preserved and stored, and the chain-of-custody records documented the
transfer of samples to the laboratory.

Aliquots of the samples were composited into five composite samples for
each stratum. The mean and variance of each stratum were calculated by
Equations 2(a) and 3(a), respectively. The mean and variance for the total
lagoon were calculated by using Equations 2(b)} and 3(b), respectively.
Equation 6 was used to calculate a confidence interval for the leachable
barium concentration, and the upper 1limit of this interval was compared with

the regulatory threshold. (See Table 9-1, Section 9.1 of this chapter, for
equations.)

As previously mentioned, the operators had recently changed their raw
materials and were also interested in discovering if the currently generated
waste was nonhazardous or if portions of this waste stream were nonhazardous.
As described above, the waste effiuent for the first 16 hr of the day was
different from that discharged during the last 8 hr. However, because the
same large plumbing system was used for both waste streams, there were two 2-

hr periods during which the discharged waste was a mixture of the two
different wastes.

With the above objectives 1in mind, the operators decided to employ
stratified random sampling with four strata occurring over time, as opposed to
the strata in space that were empioyed for sampling the lagoon. The four time
strata were from 6:00 to 8:00 hr, from 8:00 to 20:00 hv, from 20:00 to 22:00
hr, and from 22:00 to 6:00 hr the following day. The two 2-hr strata were
those time periods during which the waste was a mixture of the two different
waste streams. The 12-hr stratum was the time period during which the large-
sized particulate black waste was being discharged. The smaller particulate
white waste was being discharged during the 8-hr stratum.
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TABLE 9-5. RANDOM COORDINATES FOR EACH STRATUM
IN THE 40-ACRE SETTLING LAGOON

Sampling Length Width

Point (ft) (ft)

Stratum #1 é 2;% 1%?
{BTack)

3 968 32

4 129 228

5 472 137

6 1,198 56

7 700 261

8 286 8

9 940 26

10 151 121

Stratum #2 é 1.%;3 103
(Gray)

Y 3 438 302

4 780 5

5 525 135

6 50 37

7 26 127

8 1,207 149

9 1,231 325

10 840 32

Stratum #3 1 54 374

(White) 2 809 434

3 1,163 390

4 1,251 449

5 1 609

6 1,126 140

7 717 235

8 1,155 148

9 668 433

10 66 642

11 462 455

12 213 305

13 1,220 541

14 1,038 644

15 508 376

16 1,293 270

17 30 38

18 114 52

19 1,229 570

20 392 613
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The flow rate was constant throughout the 24-hr period, and there were no
precision data available for the waste. Therefore, it was decided that the
number of samples collected in the 8- and 12-hr strata would be proporticnal
to time. BRecause the 2-hr perjods were times during which the composition of
the waste was changing, it was decided to collect more samples to get a more
precise estimate of the average composition of the waste during these time
strata. Thus a total of 28 samples was collected.

The samples were collected at randomly chesen times within each time
stratum. The random sampling times were chosen by employing a random-number
table. After indiscriminately selecting a starting point, the first four
numbers greater than or equal to 0, but less than or equal to 120 were
selected for the 120-min strata from 6:00 to 8:00 hr. These minutes were then
added to the starting time to determine when the four samples would be
collected. In similar fashion, the remaining 24 sampling times were chosen.

The random-number data were recorded in a laboratory notebook (refer to Table
9-6).

The samples were collected from the waste influent pipe with a wide-mouth
bottle at the randomly chosen sampling times. The samples were properly
preserved and stored and shipped tc the laboratory, along with chain-of-
custody records. The samples were subjected to arnalysis, and the data were
evajuated in a manner similar to that employed for the samplies of sludge
collected in the different strata of the lagoon.

9.2.2.2 MWaste

The sampling plan must address a number of factors in addition to
statistical considerations. Obviously, one of the most important factors is
the waste itself and 1its properties. The following waste properties are
examples of what must be considered when designing a sampling plan:

1. Physical state: The physical state of the waste will affect most
aspects of a sampling effort. The sampling device will vary
according to whether the sample is 1liquid, gas, solid, or
multiphasic. 1t will also vary according to whether the Viquid is
viscous or free-flowing, or whether the solid is hard or soft,
powdery, monoiithic, or clay-iike.

Wide-mouth sample containers will be needed for most solid samples
and for sludges or Tliquids with substantial amounts of suspended
matter. Narrow-mouth containers can be used for other wastes, and
botties with air-tight closures will be needed for gas samples or
gases adsorbed on solids or dissolved in liquids.

The physical state will also affect how sampling devices are
deployed. A different plan will be developed for sampling a soil-
like waste that can easily support the weight of a sampling team and

its eguipment than for a lagoon filled with a viscous sludge or a
1iquid waste.
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TABLE 9-6. RANDOM TIMES FOR THE WASTE EFFLUENT

Sampling Random

Point Minute Time

Stratum #1 1 28 6:28

(6:00 to 8:00 2 62 7:02

hours) 3 99 7:39

4 112 7:52

Stratum #2 1 11 8:11

{8:00 to 20:00 2 107 9:47

hours) 3 156 10:36

4 173 10:53

5 296 12:56

6 313 13:13

7 398 14:38

8 497 16:17

9 555 17:15

10 600 : 18:00

11 637 18:37

12 706 19:46

Stratum #3 1 13 20:13

(20:00 to 22:00 2 52 20:52

hours) 3 88 ‘ 21:28

4 108 21:48

Stratum #4 1 48 22:48

{22:00 to 6:00 2 113 23:53
hours 3 153 24:33 -

4 189 1:09

5 227 1:47

6 290 2:49

7 314 3:14

8 474 5:44
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The sampiing strategy will have to vary if the physical state of the
waste allows for stratification (e.g., 1liquid wastes that vary in
density or viscosity or have a suspended solid phase),
homogenization or random heterogeneity.

2. Volume: The volume of the waste, which has to be represented by the
samples collected, will have an effect upon the choice of sampiing
equipment and strategies. Sampling a 40-acre lagoon reguires a
different approach from sampling a 4-sg-ft container. Although a
3-ft depth can be sampled with a Coliwasa or a drum thief, a
weighted bottle may be required to sample a 50-ft depth.

3. Hazardous properties: Safety and health precautions and methods of
sampling and shipping will vary dramatically with the toxicity,
ignitability, corrosivity, and reactivity of the waste.

4. Composition: The chosen sampling strategy will reflect the
homogeneity, random heterogeneity, or stratification of the waste in
time or over space.

§.2.2.3 Site

Site-specific factors must be considered when designing a sampling plan.
A thorough examination of these factors will minimize oversights that can
affect the success of sampling and prevent attainment of the program
objectives. At least one person involved in the design and implementation of
the sampling plan should be familiar with the site, or a presampling site
visit should be arranged. If nobedy {s familiar with the site and a visit
cannot be arranged, the sampling plan must be written to account for the

possible contingencies. Examples of site-specific factors that should be
considered follow:

1. Accessibility: The accessibility of waste can vary substantially.
Some wastes are accessed by the simple turning of a valve: others
may requirve that an entire tank be emptied or that heavy equipment
be employed. The accessibility of a waste at the chosen

sampling location must be determined prior to design of a sampling
plan.

2. MWaste generation and handliing: The waste generation and handling
process must be understood to ensure that collected samples are
representative of the waste. Factors which must be known and
accounted for in the sampling plan include: if the waste is
generated in batches; if there is a change in the raw materials used
in a manufacturing process; if waste composition can vary
substantially as a function of process temperatures or pressures;
and if storage time after generation may vary.

3. Transitory events: Start-up, shut-down, slow-down, and maintenance
transients can result 1in the generation of a waste that is not
representative of the normal waste stream. If a sample was

unknowingly collected at one of these intervals, 9incorrect
conclusions could be drawn.
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Climate: The sampling plan should specify any clothing needed for
personnel to accommodate any extreme heat or cold that may be
encountered. Dehydration and extensive exposure to sun, insects, or
poisonous snakes must be considered.

Hazards: Fach site can have hazards -- both expected and
unexpected. For example, a general understanding of a process may
lead a sampling team to be prepared for dealing with toxic or
reactive material, but not for dealing with an electrical hazard or
the potential for suffocation in a confined space. A thorough
sampling plan will include a health and safety plan that will
counsel team members to be alert to potential hazards.

9.2.2.4 Equipment

The choice of sampling equipment and sample containers will depend upon
the previously described waste and site considerations. For the following
reasons, the analytical chemist will play an important role in the selection
of sampling equipment:

1.

The analytical chemist 1is aware of the potential interactions
between sampling equipment or container material with analytes of
interest. As a result, he/she can suggest a material that minimizes
losses by adsorption, volatilization, or contamination caused by
leaching from containers or sampling devices.

The analytical chemist can specify cleaning procedures for sampling
devices and containers that minimize sample contamination and cross
contamination between consecutive samples.

The analytical chemist's awareness of analyte-specific properties 1is
useful in selecting the optimum equipment (e.g., choice of sampling
devices that minimize agitation for those samples that will be
subjected to analysis for volatile compounds) .

The final choice of containers and sampling devices will be made jointly
by the analytical chemist and the group designing the sampling plan. The
factors that will be considered when choosing a sampiing device are:

1.

Negative contamination: The potential for the measured analyte
concentration to be artificially - low because of Tlosses from
volatilization or adsorption.

Positive contamination: The potential for the measured analyte to
be artifically high because of leaching or the introduction of

foreign matter into the sample by particle fallout or gaseous air
contaminants,

Cross contamination: A type of positive contamination caused by the
Introduction of part of one sample into a second sample during
sampling, shipping, or storage.
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4. Reauired sample volume for physical and/or chemical analysis.

5. "Ease of use” of the sampling device and containers under the
conditions that will be encountered on-site. This includes the ease
of shipping to and from the site, ease of deployment, and ease of
cleaning.

6. The degree of hazard associated with the deployment of one sampling
device versus anciher.

7. Cost of the sampiing device and of the labor for its deployment.

This section describes examples of sampliing equipment and suggests
potential uses for this equipment. Some of these devices are commercialiy
available, but others will have tc be fabricated by the user. The information
in this section is general in nature and therefore limited.

Because each sampling situation 1is unique, the cited equipment and
applications may have to be modified to ensure that a representative sampie is
collected and its physical and chemical integrity are maintained. If is the

responsibility of those persons conducting sampling programs to make the
appropriate modifications.

Table 9-7 contains examples of sampling eguipment and potential
applications. It should be noted that these suggested sampiing devices may
not be applicable to a user's situation due to waste- or site-specific
factors. For example, if a waste is highly viscous or if a solid is clay-
like, these properties may preclude the use of certain sampling devices. The
size and depth of a Tagoon or tank, or difficulties associated with accessing

the waste, may also preclude use of a given device or require modification of
its deployment.

The most important factors to consider when choosing containers for
hazardous waste samples are compatibility with the waste, cost, resistance to
breakage, and volume. Containers must not distort, rupture, or leak as a
result of chemical reactions with consitituents of waste samples. Thus, it is
important to have some idea of the properties and composition of the waste.
The containers must have adequate wall thickness to withstand handling during
sample ccllection and transport to the laboratory. Containers with wide
mouths are often desirable to facilitate transfer of samples from samplers to

containers. Also, the containers must be large enough to contain the optimum
sample volume,

Containers for coilecting and storing hazardous waste samples are usually
made of plastic or glass. Plastics that are commonly used to make the
containers include high-density or Tlinear polyethylene (LPE), conventional
polyethylene, polypropylene, polycarbonate, Teflon FEP (fluorinated ethylene
propylene), polyvinyl chloride (PVC), or polymethylpentene. Teflon FEP is
almost universally usable due to its chemical inertness and resistance to
breakage. However, its high cost severely limits its use. LPE, on the other
hand, usually offers the best combination of chemical resistance and low cost
when samples are to be analyzed for inorganic parameters.
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TARLE 9-7. EXAMPLES OF SAMPLING EQUIPMENT FOR PARTTCULAR WASTE TYPES

Waste location or container

Storage Ponds,
Sacks Opemr-bed Closed— tanks Waste lagooms, Coaveyor
Waste type Drum and bags truck bed truck or bins piles & pits belt Pipe
Free-flowing Coliwasa N/A N/A Coliwasa  Weighted N/A  Dipper N/A Dipper
liquids and bottle
slurries
Sludges Trier N/A Trier Trier Trier a a
Mpist Trier Trier Trier Trier Trier Trier Trier Shovel — Dipper
powders
or gramiles
Dry powders  Thief Thief Thief Thief a Thief Thief Shovel  Dipper
or granules
Samd or Auger Ager Ausger Auger Thief Thief a DipperL Dipper
packed
powders
ad gramiles
large- Large Large Large large Large large large Trier Dipper
grained Trier Trier Trier Trier Trier Trier Trier
solids
- This type of &mmlﬁu;simﬁmhxlcmxpﬁman:sﬂgﬂfnxmt.hxﬂstﬂnﬂ sampling problems, and sampling
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Glass containers are relatively inert to most chemicals and can be used
to collect and store almost all hazardous waste samples, exept those that
contain strong alkali and hydrofluoric acid. Glass soda bettles are suggested
due to their low cost and ready availability. Borosilicate glass containers,
such as Pyrex and Corex, are more inert and more resistant to breakage than
soda glass, but are expensive and not always readily available. Glass
containers are generally more fragile and much heavier than plastic
containers. Glass or FEP containers must be used for waste samplies that will
be analyzed for organic compounds.

The containers must have tight, screw-type Tlids. Plastic bottles are
usually provided with screw caps made of the same material as the bottles.
Buttress threads are recommended. Cap liners are not usually required for
plastic containers. Teflon cap liners should be used with glass containers
supplied with rigid plastic screw caps. (These caps are usually provided with
waxed paper liners.) Teflon liners may be purchased from plastic specialty
supply houses {(e.g., Scientific Specialties Service, Inc., P.0. Box 352,
Randallstown, Maryland 21133). Other liners that may be suitabie are
polyethylene, polypropylene, and neoprene plastics.

If the samples are to be submitted for analysis of volatile compounds,
the samples must be sealed in air-tight containers.

Prior to sampling, a detailed equipment 1ist should be compited. This
equipment 1ist should be comprehensive and leave nothing to memory. The
categories of materials that should be considered are:

1. Perscnnel equipment, which will include boots, rain gear, disposable
coveralls, face masks and cartridges, gloves, etc.

2. Safety equipment, such as portable eyewash stations and a first-aid
kit.

3. Field test equipment, such as pH meters and Draéger tube samplers.

4, An ample supply of containers to address the fact that once in the
field, the sampling team may want to collect 50% more samples than

originally planned or to collect a liquid sample, although the
sampling plan had specified solids only.

5. Additional sampling equipment for use if a problem arises, e.g., a
tool kit.

6. Shipping and office supplies, such as tape, labels, shipping forms,
chain-of-custody forms and seals, field notebooks, random-number
tables, scissors, pens, efc. :

Composite Liquid Waste Sampler (Coliwasa)

The Coliwasa is a device employed to sample free-flowing liquids and
slurries contained in drums, shallow tanks, pits, and similar containers. It

is especially useful for sampling wastes that consist of several immiscible
liguid phases.
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The Coliwasa consists of a glass, plastic, or metal tube equipped with an
end closure that can be opened and closed while the tube is submerged in the
material to be sampled (refer to Figure 9-9).

Weighted Bottle

This sampler consists of a glass or plastic bottle, sinker, stopper, and
a line that is used to lower, raise, and open the bottle. The weighted bottle
samples 1iquids and free-flowing slurries. A weighted bottie with line {s
built to the specifications in ASTM Methods D270 and E300. Figure 9-10 shows
the configuration of a weighted-bottle sampler.

Dipper

The dipper consists of a glass or plastic beaker clamped to the end of a
two- or three-piece telescoping aluminum or fiberglass pole that serves as the
handle. A dipper samples liquids and free-flowing slurries. Dippers are not
available commercially and must be fabricated (Figure 9-11).

Thief

A thief consists of two slotted concentric tubes, usually made of
stainless steel or brass. The outer tube has a conical pointed tip that
permits the sampler to penetrate the material being sampled. The inner tube
is rotated to open and close the sampler. A thief is used to sample dry
granules or powdered wastes whose particle diameter is less than one-third the

width of the slots. A thief (Figure 9-12) is available at laboratory supply
stores.

Trier

A trier consists of a tube cut in bhalf lengthwise with a sharpened tip
that allows the sampler to cut into sticky solids and to loosen soil. A trier
samples moist or sticky solids with a particle diameter less than one-half the
diameter of the trier. Triers 61 to 100 cm long and 1,27 to 2.54 c¢m in
diameter are available at Tlaboratory supply stores, A large trier can be
fabricated (see Figure 9-13).

Auger

An auger consists of sharpened spiral blades attached to a hard metal
central shaft. An auger samples hard or packed solid wastes or sofl. Augers
are available at hardware and laboratory supply stores.

Scoops and Shovels

Scoops and shovels are used to sample granular or powdered material in
bins, shallow containers, and conveyor belts, Scoops are available at

taboratory supply houses. Flat-nosed shovels are available at hardware
stores. -
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Bailer

The bailer is employed for sampling well water. It consists of a
container attached to a cable that is Jlowered into the well to retrieve a
sample. Bailers can be of various designs. The simplest is a weighted bottle
or basally capped length of pipe that fills from the top as it is lowered into
the well. Some bailers have a check valve, located at the base, which allows
water to enter from the bottom as it is Tlowered into the well. When the
bailer is lifted, the check valve cioses, allowing water in the bailer to be
brought to the surface. More sophisticated bailers are available that remain
open at both ends while being Towered, but can be sealed at both top and
bottom by activating a triggering mechanism from the surface. This allows
more reliable sampling at discrete depths within a well, Perhaps the best-
known bailer of this latter design is the Kemmerer sampler.

Bailers generally provide an excellent means for collecting samples from
monitoring wells. They can be constructed from a wide variety of materials
compatible with the parameter of interest. Because they are relatively
inexpensive, bailers can be easily dedicated to an individual well to minimize
cross contamination during sampling. If not dedicated to a well, they can be
easily cleaned to prevent cross contamination. Unfortunately, bailers are
frequently not suited for well evacuation because of their small volume.

Suction Pumps

As the name implies, suction pumps operate by creating a partial vacuum
in a sampling tube. This vacuum allows the pressure exerted by the atmosphere
on the water in the well to force water up the tube to the surface.
Accordingly, these pumps are located at the surface and require only that a
transmission tube be lowered into the well. Unfortunately, their use is
limited by their reliance on suction to depths of 20 to 25 ft, depending on
the pump. 1In addition, their use may result in out-gassing of dissolved gases
or volatile organics and is therefore Timited in many sampling applications.
In spite of this, suction methods may provide a suitabie means for well
evacuation because the water remaining in the well 1is 1left reasonably
undisturbed.

A variety of pumps that operate on this principle are available, but the
ones most commonly suggested for monitoring purposes are the centrifugal and
peristaltic pumps. In the centrifugal pump, the fluid is displaced by the
action of an impelier rotating inside the pump chamber. This discharges water
by centrifugal force. The resulting pressure drop in the chamber creates a
suction and causes water to enter the intake pipe in the well. These pumps
can provide substantial yields and are readily available and inexpensive. The
disadvantages are that they require an external power source and may be
difficult to clean between sampling events. In addition, the materials with
which these pumps are constructed may frequently be incompatible with certain
sample constituents. However, their substantial pumping rates make them
suitable for well evacuation. '
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Peristaltic pumps operate in a manner similar to centrifugal pumps but
displace the fluid by mechanical peristaisis. A flexible transmission line is
mounted around the perimeter of the pump chamber, and votating roliers
compress the tubing, forcing fluid movement ahead (the peristaitic effect) and
inducing suction behind each roller. This design isolates the sampie from the
moving part of the pump and allows for easy cleaning by removal and
replacement of the flexible tubing. Unfortunately, peristaitic pumps are
generally capable of providing oniy relatively low .yields. They are,
therefore, not ideally suited to well evacuation.

Positive Displacement Pumps

A variety of positive displacement pumps are available for use in with-
drawing water from wells. These methods wutilize some pumping mechanism,
placed in the well, that forces water from the bottom of the well to the
surface by some means of positive displacement. This minimizes the potential

for aerating or stripping volatile organics from the sample during removal
from the well.

The submersible centrifugal pump is one common exampie of a positive
displacement pump. It works in a manner similar to the centrifugal suction
11ft pump previously described, except that, in this case, both the pump and
electric motor are lowered into the well. As the impeller rotates and fluid
is brought into the pump, fluid is displaced up the transmission 1ine and out
of the well. These pumps are capable of providing a high yield. However,
they require an external source of power and are frequently constructed with
materials and contain lubricants incompatible with certain sample
constituents, particularly organics. They alsc require considerable equipment
and effort to move from well to well. Cleaning between sampling events is

difficult as well, and, until recently, they have not been available for well
diameters smaller than 3 in.

Piston-driven or reciprocating piston pumps are another example of common
positive displacement pumps. These pumps consist of a piston in a submerged
cylinder operated by a rod connected to the drive mechanism at the surface. A
flap valve or ball-check valve is located fmmediately above or below the
piston cylinder. As the piston is lowered 1in the cylinder, the check valve
opens, and water fills the chamber. On the upstroke, the check valve closes,
and water is forced out of the cylinder, up into the transmission line, and to
the surface. The transmission line or piston contains a second check valve
that closes on the downstroke, preventing water from re-entering the cylinder.
These pumps are capable of providing high yields. However, moving these pumps
from well to well s difficult, and their use in monitoring programs may
require that a pump be dedicated to each well. Many of these pumps may not be
constructed with materials compatible with monitoring certain constituents.

A special adaptation of this pump has recently become available for use
in ground water monitoring. These piston pumps use compressed gas, rather
than a rod connected to a driving mechanism at the surface, to drive the
pistons, This provides a much more convenient and portable means for
collecting samples from monitoring wells. Compressed-gas pumps provide good

yields and can be constructed with materials compatible with many sampling
programs.
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Another positive dispiacement pump appiicable for monitoring purposes is
the gas-operated squeeze pump. This pump was originally developed by R. F.
Middleburg of the U.S.G.S. and consequently is referred to as the Middleburg
pump. It consists principally of a collapsible membrane inside a iong, rigid
housing, a compressed gas supply, and appropriate control valves. When the
pump is submerged, water enters the collapsible membrane through the bhottom
check vaive. After the membrane has filled, gas pressure is applied to the
annular space between the rigid housing and membrane, forcing the water upward
through a sampling tube. When the pressure is released, the top check valve
prevents the sample from flowing back down the discharge line, and water from
the well again enters the pump through the bottom check valve.

Gas-operated squeeze pumps offer a number of advantages for use in ground
water monitoring programs. They can be constructed in diameters as small as 1
in. and from a wide variety of materials. They are also relatively portablie
and are capable of providing a fair range of pumping rates. Most important,
the driving gas does not contact the water sample, so that possible
contamination or gas stripping does not occur. However, they do require a gas
source, and withdrawal of water from substantial depths may require large gas
volumes and long pumping cycles.

Jet pumps, a common type of submersible pump used in small domestic water
wells, may in some cases be suggested for use in monitoring wells., These
pumps operate by injecting water through a pipe down into the well. A venturi
device is located at the intake portion of the pump. As the water injected
from the surface passes through the constricted portion of the venturi, the
velocity increases and pressures decrease according to Bernoulli's principle.
If the discharge velocity at the nozzle is great enough, the pressure at this
point will be lowered sufficiently to draw water into the venturi assembly
through the intake and to bring it to the surface with the original water
injected into the well. This additional 1increment of water is then made
available at the surface as  the pump's output. Because jet pumps require
priming with water and because the water taken from the well mixes with water
circulating in the system, they are clearly not applicable to collecting
sampies for monitoring purposes. For similar reasons, their use is not
recommended for well evacuation.

Pressure-Vacuum Lysimeters

The basic construction of pressure-vacuum lysimeters (Wood, 1973), shown
in Figure 9-14, consists of a porous ceramic cup, with a bubbling pressure of
1 bar or greater, attached to a short piece of PVC pipe of suitable diameter.
Two tubes extend down into the device, as illustrated. Data by Silkworth and
Grigal (1981) indicate that, of the two commercially available sampler sizes
(2.2 and 4.8 cm diameter), the Tlarger ceramic cup sampler is more reliable,
influences water quality less, and yields samples of suitable volume for
anaiysis.

Detailed installation instructions for pressure-vacuum lysimeters are
given by Parizek and Lane (1970). Significant modification may be necessary
to.adapt these instr-uments to field use when heavy equipment is used. To
prevent channelling of contaminated surface water directly to the sampling
device, the sampler may be installed in the side wall of an access trench.
Because random placement procedures may locate a sampler in the middle of an
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Figure 9-14. One example of a pressure-vacuum lysimeter {Wood, 1873).
Reprinted by permission of the American Geophysical Union.
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active area, the sample collectifon tube should be protected at the surface
from heavy equipment by a manhole cover, brightly painted steel cage, or other
structure. Another problem associated with such sampler placement is that its
presence may alter waste management activities (i.e., waste applications,
ti1ling, etc., will avoid the location); therefore, the sampler may not yieid
representative leachate samples. This problem may be avoided by running the
coliection tube horizontally underground about 10 m before surfacing.

For sampling after the unit is in place, a vacuum is placed on the system
and the tubes are clamped off. Surrounding soil water is drawn into the
ceramic cup and up the polyethylene tube. To collect the water sample, the
vacuum is released, and one tube {is placed in a sample container. Air
pressure is applied to the other tube, forcing the 1iquid up the tube and into
the sample container. Preliminary testing should ensure that waste products
can pass into the ceramic cup. If sampling for organics, an inert tubing,
such as one made of Teflon, should be substituted for the polyethylene pipe to
prevent organic contamination.

The major advantages of these sampling devices are that they are easily
available, relatively inexpensive to purchase and install, and quite reliable.
The major disadvantage is the potential for water quality alterations due to
the ceramic cup; this possible problem requires further testing. For a given
installation, the device chosen should be specifically tested using solutions
containing the soluble hazardous constituents of the waste to be land treated.
This device is not recommended for volatiles unless a special trap device is
used (Hazardous Waste Land Treatment, SW-874).

Vacuum Extractor

Vacuum extractors were developed by Duke and Haise (1973) to extract
moisture from soils above the ground water table. The basic device consists
of a stainless steel trough that contains ceramic tubes packed in soil. The
unit 1s sized not to finterfere with ambient soil water potentials (Corey,
1974); it is installed at a given depth in the soil with a slight slope toward
the collection bottle, which is in the bottom of an adjacent access hole. The
system is evacuated and moisture is moved from the adjacent soil into the
ceramic tubes and into the collection bottle, from which it can be withdrawn
as desired. The advantage of this system is that it yields a quantitative
estimate of leachate flux as well as provides a water sample for analysis.
The volume of collected leachate per unit area per unit time is an estimate of
the downward movement of leachate water at that depth. The major
disadvantages to this system are: it is delicate; it requires a trained
operator; it estimates 1leachate quantity somewhat Tlower than actual field
drainage; and it disturbs the soil above the sampier. Further details about
the use of the vacuum extractor are given by Trout et al. (1975). Performance
of this device when installed in clay soils is generally poor.
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Trench Lysimeters

Trench lysimeters are named for the large access trench, or caisson,
necessary for operation. B8asic installatiom, as described by Parizek and Lane
(1970), involves excavating a rather large trench and shoring up the side
walls, taking care to leave open areas so that sampiers can be placed in the
side walls. Sample trays are imbedded in the side walls and connected by
tubing to sample collection containers. The entire trench area is then
covered to prevent flooding. One significant danger in using this system is
the potential for accumulation of hazardous fumes 1in the {rench, possibly
endangering the health and safety of the person collecting the samples.

Trench lysimeters function by intercepting downward-moving water and
diverting it into a ccllection device located at a Tlower eievation. The
intercepting agent may be an open-ended pipe, sheet wmetal trough, pan, or
other similar device, Pans 0.9 to 1.2 wm in diameter have been successfully
used in the field by Tyler and Thomas (1977). Because there is no vacuum
applied to the system, only free water in excess of saturation is sampled.

Consequently, samples are plentiful during rainy seasons but are nonexistent
during the dry season.

Another variation of this system 1is fe use a funnel filled with clean
sand inserted into the sidewall of the trench. Free water will drain into a
coliection chamber, from which a sample 1is periodically removed by vacuum. A
small sample collection device such as this may be preferable to the large

trench because the necessary hole is smaller, so that installation is easier
{(Figure 9-15).

9.2.2.5 Quality Assurance and Quality Control

Quality assurance {(QA) can briefly be defined as the process for ensuring
that all data and the decisions based on these data are technically sound,
statistically valid, and properly documented. Quality control (QC) procedures

are the tools employed to measure the degree to which these quality assurance
objectives are met.

A data base cannot be properly evaluated for accuracy and precision
unless it is accompanied by quality assurance data. In the case of waste
evaluation, these quality assurance data result from the implementation of
quality control procedures during sampliing and analysis. Quality control
requirements for specific analytical methods are given in detail in each
method in this manual; 1in this subsection, quality assurance and quality
control procedures for sampling will be discussed.

Quality control procedures that are employed to document the accuracy and
precision of sampling are:

i. Trip Blanks: Trip blanks should accompany samplie containers to and
from the field. These samples can be used to detect any contami-
nation or cross-contamination during handling and transportation.

2. Field Blanks: Field blanks should be collected at specified
frequencies, which will vary according to the probability of
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Figure 9-15. Schematic diagra:~ of a sand filled funnel used to collect
leachate from the unsaturated zone.
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contamination or cross-contamination. Field blanks are often metal-
and/or organic-free water aliquots that contact sampiing equipment
under field conditions and are analyzed to detect any contamination
from sampling equipment, cross contamination from previously
collected sampies, or contamination from conditions during sampiing
(e.g., airborne contaminants that are not from the waste being
sampled).

3. Field Duplicates: Field duplicates are collected at specified
freguencies and are empioyed to document precision. The precision
resulting from field duplicates 1is a function of the variance of
waste composition, the variance of the sampiing technique, and the
variance of the analytical technique.

4, Field Spikes: Field spikes are infrequently used to determine the
Toss of parameters of interest during sampling and shipment to the
laboratories. Because spiking is done 1in the field, the making of
spiked samples or spiked blanks s susceptibie to error. In
addition, compounds can be lost during spiking, and equipment can be
contaminated with spiking solutions. To eliminate these and other
problems, some analysts spike blanks or matrites similar to the
waste in the laboratory and ship them, along with sample containers,
to the field. This approach also has its lTimitation because the
matrix and the handling of the spike are different from those of the
actual sample. In all cases, the meaning of a low field-spike
recovery is difficult to interpret, and thus, field spikes are not
commonly used.

In addition to the above quality control samples, a compiete quality
assurance program will ensure that standard operating procedures {SOPs) exist
for all essential aspects of a sampling effort. SO0Ps should exist for the
following steps in a sampling effort:

1. Definition of objectives (refer to Section 9.2.1}).
2. Design of sampling plans (refer to Section 9.2.2).

3. Preparation of containers and equipment (refer to the specific
analytical methods).

4, Maintenance, calibration, and cleaning of field equipment (refer to
instrument manuais or consult a chemist for cleaning protocols).

5. Sample preservation, packaging, and shipping (refer to the
analytical methods and to Section 9.2.2.7).

6. Health and safety protocols (refer to Section 9.2.2.6).
7. Chain-of-custody protocols (refer to Section 9.2.2.7).

In addition to the above protocols, numerous other QA/QC protocols must

be employed to document the accuracy of the analytical portion of a waste
evaluation program.
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9.2.2.6 Health and Safety

Safety and health must also be considered when implementing a sampling
plan. A comprehensive health and safety plan has three basic elements: (1)
monitoring the health of field personnel; (2) routine safety procedures: and
(3) emergency procedures.

Employees who perform field work, as well as those exposed to chemicals
in the laboratory, should have a medical examination at the initiation of
employment and routinely thereafter. This exam should preferably be performed
and evaluated by medical doctors who specialize in industrial medicine. Some
examples of parts of a medical examination that ought to be performed are:
documentation of medical history; a standard physical exam: pulmonary
functions screening; chest X-ray; EKG; urinalysis; and blood chemistry. These
procedures are useful to: (1) document the quality of an employee's health at
the time of matriculation; (2) ensure the maintenance of good health; and (3)
detect early signs of bodily reactions to chemical exposures so they can be
treated in a timely fashion. Unscheduled examinations should be performed in
the event of an accident, illness, or exposure or suspected exposure to toxic
materials.

Regarding safety procedures, personnel should be aware of the common
routes of exposure to chemicals (i.e., inhalation, contact, and ingestion) and
be instructed in the proper use of safety equipment, such as Draeger tube air
samplers to detect air contamination, and in the proper use of protective
clothing and respiratory equipment. Protocols should also be defined stating
when safety equipment shouid be employed and designating safe areas where
facilities are available for washing, drinking, and eating.

Even when the utmost care is taken, an emergency situation can occur as a
result of an unanticipated explosion, electrical hazard, fall, or exposure to
a hazardous substance. To minimize the impact of an emergency, field
personnel should be aware of basic first aid and have immediate access to a
first-aid kit. Phone numbers for both police and the nearest hospital should
be obtained and kept by each team member before entering the site., Directions
to the nearest hospital should also be obtained so that anyone suffering an
injury can be transported quickly for treatment. '

9.2.2.7 Chain of Custody

An essential part of any sampling/analytical scheme is ensuring the
integrity of the sample from collection to data reporting. The possession and
handling of samples should be traceable from the time of collection through
analysis and final disposition. This documentation of the history of the
sample is referred to as chain of custody.

Chain of custody 1is necessary if there is any possibility that the
analytical data or conclusions based upon analytical data will be used in
Titigation. In cases where litigation 1is not involved, many of the chain-of-
custody procedures are still useful for routine control of sample flow. The
components of chain of custody -- sample seals, a field logbook, chain-of-
custody record, and sample analysis request sheet -- and the procedures for
their use are described in this section.
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A sample is considered is considered to be under a person’s custody if it
is {1} in a person's physical possession, (Z) 1in view of the person after
taking possession, and {3) secured by that person so that no one can tamper
with it, or secured by that person in an area that is restricted to authorized

personnel. A person who has samples in custody must comply with the following
procedures.

(The material presented here briefly summarizes the maior aspects of
chain of custody. The reader is referred to NEIC Policies and Procedures,
EPA-330/9/78/001-R [as revised 1/82], or other manual, as appropriate, for
more information.)

Sample labels (Figure 9-16) are necessary to prevent misidentification of
samples. Gummed paper labels or tags are adequate and should include at least
the following information:

Sample number.

Name of collector.

Date and time of coilection.
Place of collection.

{abels should be affixed to sample containers prior to or at the time of
sampling and should be filled out at the time of collection.

sample seals are used to detect unauthorized tampering of samples
following sample collection up to the time of analysis. Gummed paper seals

may be used for this purpose. The paper seal should include, minimally, the
following information:

Sample number. (This number must be identical with the number on the
sample label.)
Name of collector.
Date and time of sampling.
- Place of collection.

The seal must be attached in such a way that it is necessary to break it
in order to open the sample container. (An example of an official sample seal
is shown in Figure 9-17.) Seals must be affixed to containers before the
samples Jeave the custody of sampling personnel.

A1 information pertinent to a field survey or sampling must be recorded
in a logbook. This should be bound, preferably with consecutively numbered
pages that are 21.6 by 27.9 em (8-1/2 by 11 in.}. At a minimum, entries in
the logbook must include the following:

Location of sampling point.

Name and address of field contact.

Producer of waste and address, if different from location.
Type of process producing waste (if known}.

Type of waste (e.g., sludge, wastewater).

Suspected waste composition, including concentrations.
Number and volume of sample taken.
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Collector Sampie No.

Place of Collection

Date Sampled | Time Sampled

Field Information

Figure 9-16. Example of Sample Label
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NAME AND ADDRESS OF ORGANIZATION COLLECTING SAMPLES

Person Collecting Sample Sample No.
(signature)

Date Collected Time Collected

Place Collected

Figure 9-17. Example of Official Sample Seal
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Purpose of sampling {(e.g., surveillance, contract number).

Description of sampling point and sampling methodology.

Date and time of collection.

Collector's sample identification number(s).

Sample distribution and how transported (e.g., name of laboratory, UPS,
Federal Express).

References, such as maps or photographs of the sampling site.

Field observations.

Any field measurements made (e.g., pH, flammability, explosivity).

Signatures of personnel responsible for observations.

Sampling situations vary widely. No general rule can be given as to the
extent of information that must be entered in the logbook. A good ruile,
however, is to record sufficient information so that anyone can reconstruct
the sampling without reliance on the collector's memory. The logbook must be
stored safely.

To establish the documentation necessary to trace sample possession from
the time of collection, a chain-of-custody record should be filled out and
should accompany every sample. This record becomes especially important if
the sample is to be introduced as evidence 1n a court litigation. (A chain-
of-custody record is illustrated in Figure 9-18.)

The record should contain, minimally, the following information:

Sample number.

Signature of collector.

Date and time of collection.

Place and address of collection.

Waste type. _
Signature of persons involved in the chain of possession.
Inclusive dates of possession.

The sample analysis request sheet (Figure 9-19) is intended to accompany
the sample on delivery to the laboratory. The field portion of this form is
completed by the person collecting the sample and should include most of the
pertinent information noted in the logbook. The laboratory portion of this
form is intended to be completed by laboratory personnel and to include,
minimally:

Name of person receiving the sample.
Laboratory sample number.

Date and time of sample receipt.
Sample allocation.

Analyses to be performed.

The sample should be delivered to the laboratory for analysis as soon as
practicable -- usually within 1 or 2 days after sampling. The sample must be
accompanied by the chain-of-custody record (Figure 9-18) and by a sample
analysis request sheet (Figure 9-19). The sample must be delivered to the
person in the laboratory authorized to receive samples {often referred to as
the sample custodian),
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SAMPLING ANALYSIS REQUEST

Part I: Field Section

Collector Date Sampled Time hours
Affiliation of Sampler
Address
number street city state zip
Telephone () Company Contact
LABORATORY
SAMPLE COLLECTOR'S TYPE OF
NUMBER SAMPLE NO. SAMPLE* FIELD INFORMATION**

Analysis Requested

Special Handling and/or Storage

PART IT1: LABORATORY SECTION**

Received by Title

Date

Analysis Required

* Indicate whether sample is soil, sludge, etc.

**|Jse back of page for additional information relative to sample location.

Figure 9-19. Example of hazardous waste sample analysis sheet,
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Once the sample has been received 1in the laboratery, the supervisor or
his/her assignee is responsible for its care and custody. That person should
be prepared to testify that the sample was in his/her possession or secured in
the laboratory at all times, from the moment it was received from the
custodian until the analyses were performed.

9.2.3 Sample Plan Implementation

Prior to implementing a sampling plan, it s often strategic to walk
through the sampling plan mentally, starting with the preparation of equipment
until the time when samples are received at the laboratory. This mental
excursion should be in as much detail as can be imagined, because the small
details are the ones most frequently cverlooked. By employing this technique,
items not included on the equipment T1ist may be discovered, as well as any
major oversight that could cause the sampling effort to fail., During this
review of the sampling plan, an attempt should be made to anticipate what
could go wrong. A solutfon to anticipated problems should be found, and, if

necessary, materials needed for solving these problems should be added to the
equipment Tist.

The remainder of this section discusses exampies of sampling strategies
for different situations that may be encountered.

Containers

Prior to discussing the sampling of containers, the term must be defined.
The term container, as used here, refers to receptacles that are designed for
transporting materials, e.g., drums and other smaller receptacles, as opposed
to stationary tanks. Weighted bottles, Coliwasas, drum thiefs, or triers are
the sampling devices that are chosen for the sampling of containers. (See
Section 9.2.2.4 for a full discussion of sampling equipment.)

The sampling strategy for containers varies according to (1) the number
of containers to be sampled and (2) access to the containers. Ideally, if the
waste is contained in several containers, every container will be sampled. If
this is not possible due te the large number of containers or to cost factors,
a subset of individual containers must be randomly selected for sampling.
This can be done by assigning each container a number and then randomly
choosing a set of numbers for sampling.

Access to a container will affect the number of samples that can be taken
from the container and the location within the container from which samples
can be taken. Ideally, several samples should be taken from locations
displaced both vertically and horizontally throughout the waste. The number
of samples required for reliabie sampling will vary depending on the
distribution of the waste components in the container. At a minimum with an
unknown waste, a sufficient number and distribution of samples should be taken
to address any possible vertical anomalies in the waste. This is because
contained wastes have a much greater tendency to be nonrandomly heterogeneous
in a vertical rather than a horizontal direction due to (1) settling of solids
and the denser phases of liquids and (2} variation in the content of the waste
as it enters the container. Bags, paper drums, and open-headed steel drums
(of which the entire top can be removed) generally do not restrict access to
the waste and therefore do not limit sampling.
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when access to a container is uniimited, a useful strategy for obtaining
a representative set of samples is a three-dimensional simple random sampling
strategy in which the container is divided by constructing an imaginary three-
dimensional grid (see Figure 9-20), as follows. First, the top surface of the
waste is divided into a grid whose sections either approximate the size of the
sampling device or are larger than the sampiing device if the container is
large. (Cylindrical containers can be divided 1into imaginary concentric
circles, which are then further divided into grids of equal size.) Each
section is assigned a number. The height of the container is then divided
into imaginary levels that are at Jeast as large as the vertical space

required by the chosen sampling device. These imaginary levels are then
assigned numbers. Specific levels and grid locations are then selected for
sampling using a random-number table or random-number generator. (An

alternative means of choosing random sampling locations using circumference
and diameter dimensions is discussed in Section 9.2.2.1.)

Another appropriate sampling approach 1is the two-dimensional simple
random sampling strategy, which can usually yield a more precise sampling when
fewer samples are collected. This strategy involves (1) dividing the top
surface of the waste into an imaginary grid as in the three-dimensional
strategy, (2) selecting grid sections for sampling using random-number tables
or random-number generators, and (3) sampling each selected grid point in a
vertical manner along the entire length from top to bottom using a sampling
device such as a drum thief or Coliwasa.

Some containers, such as drums with bung openings, 1imit access to the
contained waste and restrict sampling to a single vertical plane. Samples
taken in this manner can be considered representative of the entire container
only if the waste 1is known to be homogeneous or if no horizontal
stratification has occurred. Precautions must be taken when sampling any type
of steel drum because the drum may explode or expel gases and/or pressurized
liquids. An EPA/NEIC manual, “Safety Manual for Hazardous Waste Site
Investigation," addresses these safety precautions.

Tanks

Tanks are essentially large containers. The considerations involved in
sampling tanks are therefore similar to those for sampling containers., As
with containers, the goal of sampling tanks is to acquire a sufficient number
of samples from different locations within the waste to provide analytical
data that are representative of the entire tank contents,

The accessibility of the tank contents will affect the sampling
methodology. If the tank is an open one, allowing unrestricted access, then
usually a representative set of samples 1is best obtained using the three-
dimensional simple random sampiing strategy, as described for containers (see
also Section 9.2.2.1). This strategy invoives dividing the tank contents into
an imaginary three-dimensional grid. As a first step, the top surface of the
waste is divided into a grid whose sections either approximate the size of the
sampling device or are larger than the sampling device if the tank is large.
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Any material that is identified 1in the DOT Hazardous Material Table (49
CFR 172.101) must be transported as prescribed in the table. A1l other
hazardous waste samples must be transported as follows:

1, Collect sample in a 16~0z or smaller glass or polyethylene container
with nonmetallic Teflon-lined screw cap. For liquids, allow
sufficient air space (approximately 10% by volume) so that the
container is not full at 54°C (130°F). If collecting a solid
material, the container plus contents should not exceed 1 1b net
weight. If sampliing for volatile organic analysis, fill VOA
container to septum but place the VOA container inside a 16-0z or
smaller container so that the required air space may be provided.
Large quantities, up to 3.785 1liters (1 gal), may be collected if
the sample's flash point is 23°C (75°F) or higher. In this case,
the flash point must be marked on the outside container (e.q.,

carton or cooler), and shipping papers should state that "Flash
point is 73°F or higher."

2. Seal sample and place in a 4-mil-thick polyethylene bag, one sample

per baqg.

3. Place sealed bag inside a metal can with noncombustible, absbrbent
cushioning material (e.g., vermiculite or earth) to prevent
breakage, one bag per can. Pressure-close the can and use clips,

tape, or other positive means to hold the 1id securely.

4, Mark the can with:

Name and address of originator.
"Flammable Liquid, N.0.S. UN 1993."
(or, "Flammable Solid, N.0.S. UN 1325".)

NOTE: UN numbers are now required in proper shipping names.

- 5. Place one or more metal cans in a strong outside container such as a
picnic cooler or fiberboard box. Preservatives are not used for
hazardous waste site samples.

6. Prepare for shipping: The words "Flammable Liquid, N.0.S. UN 1993"
or "Flammable Solid, N.0.S. UN 1325"; “Cargo Aircraft Only" (if more
than 1 gt net per outside package); “Limited Quantity" or “Ltd.
Qty."; "Laboratory Samples"; "Net Weight __ * or “Net Volume y
(of hazardous contents) should be indicated on shipping papers and
on the outside of the outside shipping container. The words *This
Side Up" or "This End Up" should also be on container. Sign the
shipper certification.
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7. Stand by for possible carrier requests to open outside containers
for inspection or to modify packaging. (It 1is wise to contact
carrier before packing to ascertain local packaging requirements.)
Remain in the departure area until the carrier vehicle (aircraft,
truck, etc.) is on its way.

At the laboratory, a sample custodian should be assigned to receive the
samples. Upon receipt of a sample, the custodian should inspect the condition
of the sample and the sample seal, reconcile the information on the sample
label and seal against that on the chain-of-custody record, assign a
laboratory number, log in the sample in the laboratory logbook, and store it
in a secured sample storage room or cabinet until it is assigned to an analyst
for analysis.

The sample custodian should inspect the sample for any leakage from the
container. A leaky container containing a multiphase sample should not be
accepted for analysis. This sample will no longer be a representative sample.
If the sample is contained in a plastic bottle and the container walls show
that the sample is under pressure or releasing gases, the sample should he
treated with caution because it may be explosive or release extremely
poisonous gases. The custodian should examine whether the sample seal is
intact or broken, because a broken seal may mean sample tampering and would
make analysis results inadmissible as evidence 1in court. Any discrepancies
between the information on the sample label and seal and the information that
is on the chain-of-custody record and the sample analysis request sheet should
be resolved before the sample is assigned for analysis. This effort might
require communication with the sample collector. Results of the inspection
should be noted on the sample analysis request sheet and on the laboratory
sample logbook. :

Incoming samples usually carry the inspector's or collector's
identification numbers. To identify these samples further, the laboratory
should assign its own identification numbers, which normaily are given
consecutively. Each sample should be marked with the assigned laboratory
number. This number is correspondingly recorded on a laboratory sample log
book along with the information describing the sample. The sample information
is copied from the sample analysis request sheet and cross-checked against
that on the sample label,

In most cases, the laboratory supervisor assigns the sample for analysis.
The supervisor should review the information on the sample analysis request
sheet, which now includes inspection notes recorded by the laboratory sample
custodian. The technician assigned to analysis should record in the
laboratory notebook the identifying information about the sample, the date of
receipt, and other pertinent information. This record should also include the
subsequent testing data and calculations. The sample may have to be split
with other laboratories in order to obtain all the necessary analytical
information. 1In this case, the same type of chain-of-custody procedures must
be employed while the sampie is being transported and at the other laboratory.
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Figure 8-20. Container divided into an imaginary three-dimensional grid.
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(Cylindrical tanks can be divided into imaginary concentric circles, which are
then further divided into grids of equal size.) Each section is assigned a
number. The height of the tank is then divided into imaginary levels that are
at least as large as the vertical space required by the chosen sampling
device. These imaginary levelc are assigned numbers. Specific levels and
grid Tocations are then selected for sampling using a random-number table or
random-number generator.

A less comprehensive sampling approach may be appropriate if information
regarding the distribution of waste components 1is known or assumed (e.g., if
vertical compositing will yield a representative sample). In such cases, a
two-dimensional simple random sampling stralegy may be appropriate. In this
strategy, the top surface of the waste is divided into an imaginary grid; grid
sections are selected using random-number tables or random-number generators;
and each selected grid point is then sampled in a vertical manner along the
entire length from top to bottom using a sampling device such as a weighted
bottle, a drum thief, or Coliwasa. If the waste {s known to consist of two or
more discrete strata, a more precise representation of the tank contents can
be obtained by using a stratified random sampling strategy, i.e., by sampling
each stratum separately using the two- or three-dimensional simple random
sampling strategy.

Some tanks permit only limited access to their contents, which restricts
the locations within the tank from which samples can be taken. If sampling is
restricted, the sampling strategy must, at a minimum, take sufficient samples
to address the potential vertical anomalies in the waste in order to be
considered representative. This is because contained wastes tend to display
vertical, rather than horizontal, nonrandom heterogeneity due to settling of
suspended solids or denser liquid phases. If access restricts sampling to a
portion of the tank contents (e.g., in an open tank, the size of the tank may
restrict sampling to the perimeter of the tank; in a closed tank, the onily
access to the waste may be through inspection ports), then the resulting
analytical data will be deemed representative only of the accessed area, not
of the entire tank contents unless the tank contents are known to be
homogeneous. '

If a limited access tank is to be sampled, and little is known about the
distribution of components within the waste, a set of samples that is
representative of the entire tank contents can be obtained by taking a series
of samples as the tank contents are being drained. This should be done in a
simple random manner by estimating how long it will take to drain the tank and
then randomly selecting times during drainage for sampling.

The most appropriate type of sampling device for tanks depends on the
tank parameters. In general, subsurface samplers (i.e., pond samplers) are
used for shallow tanks, and weighted bottles are usually employed for tanks
deeper than 5 ft. Dippers are useful for sampling pipe effluents.
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Waste Piles

In waste piles, the accessibility of waste for sampling is usually a
function of pile size, a key factor in the design of a sampling strategy for a
waste pile. Ideally, piles containing unknown wastes should be sampled using
a three-dimensional simple random sampling strategy. This strategy can be
empioyed only if all points within the pile can be accessed. In such cases,
the pile should be divided inte a three-dimensional grid system, the grid
sections assigned numbers, and the sampling points then chosen using random-
number tables or random-number generators.

If sampling is 1limited to certain portions of the piie, then the
coliected sample will be representative only of those portions, unless the
waste is known to be homogeneous.

In cases where the size of a pile impedes access to the waste, a set of
sampies that are representative of the entire pile can be obtained with a
minimum of effort by scheduling sampiing to coincide with pile removal. The
number of truckloads needed to remove the pile should be estimated and the
truckldads randomly chosen for sampling.

The sampling devices most commonly used for small piles are thiefs,
triers, and shovels. Excavation equipment, such as backhoes, can be useful
for sampiing medium-sized piles.

Landfills and Lagoons

Landfills contain primarily solid waste, whereas lagooned waste may range
from liquids to dried siudge residues. Lagooned waste that is either Tiquid
or semisolid is often best sampled using the methods recommended for large
tanks. Usually, solid wastes contained in a landfill or lagoon are best
sampled using the three-dimensional random sampling strategy.

The three-dimensional random sampling strategy involves establishing an
imaginary three-dimensional grid of sampling points 1in the waste and then
using random-number tables or random-number generators to select points for
sampiing. In the case of landfills and lagoons, the grid is established using
a survey or map of the area. The map is divided into two two-dimensional
grids with sections of equal size. (An alternative way of choosing random
sampling locations is presented in the second example described in Section
9.2.2.1.) These sections are then assigned numbers sequentially.

Next, the depth to which sampling will take place is determined and
subdivided into equal levels, which are also sequentially numbered. (The
lowest sampling depth will vary from landfill to landfill. Usually, sampling
extends to the interface of the fill and the natural soils. If soil
contamination is suspected, sampling may extend 1into the natural soil.) The
horizontal and vertical sampling coordinates are then selected using random-
number tables or random-number generators. If some information is known about
the nature of the waste, then a modified three-dimensional strategy may be
more appropriate. For example, if the landfill consists of several cells, a
more precise measurement may be obtained by considering each cell as a stratum

and employing a stratified three-dimensional vrandom sampling strategy (see
Section 9.1).
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Hollow-stem augers combined with split-spoon samplers are frequently
appropriate for sampling landfills. Water-driven or water-rinsed coring
equipment should not be used for sampling because the water can rinse chemical
components from the sample. Excavation equipment, such as backhoes, may be
useful in obtaining samples at various depths; the resulting holes may be
useful for viewing and recording the contents of the landfill.

9.2.4 Sample Compositigg

The compositing of samples, 1is usually done for cost-saving reasons,
involves the combining of a number of samples or aliquots of a number of
samples collected from the same waste. ‘The disadvantage of sample compositing
is the loss of concentration variance data, whereas the advantage is that, for
a given analytical cost, a more representative (i.e., more accurate) sample is
obtained.

It is usually most expedient and cost effective to collect component
samples in the field and to composite aliquots of each sample later in the
jaboratory. Then, if after reviewing the data any questions arise, the
samples can be recomposited in a different combination, or each component
sample can be analyzed separately to determine better the variation of waste
composition over time and space, or to determine better the precision of an
average number. The fact that this recompositing of samples can occur without
the need to resample often results in a substantial cost savings.

To ensure that recompositing can be done at a later date, it is essential
to collect enough sampie volume in  the field so that, .under normal
circumstances, enough component sample will remain following compositing to
allow for a different compositing scheme or even for an analysis of the
component samples themselves.

The actual compositing of samples requires the homogenization of all
component samples to ensure that a representative subsample is aliquoted. The
homogenization procedure, and the containers and equipment used for
compositing, will vary according to the type of waste being composited and the
parameters to be measured. Likewise, the composite sample itself will be
homogenized prior to the subsampling of analytical aliquots.
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